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1 SCOPE

This document details the prelimi.my EOS-AM Spacecraft FailuxEModes and Effects Analysis
(FMEA). The FMEA reflects the baseline Spacecmft design for the Spacecraft Preliminary Design
Review (PDR).

. .
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2 REFERENCE DOCUMENTS

The following documents of the exact issue shown are the higher tier documents to this documen~

2.1 GovernmentDocuments

2.1.1 NASA Documents

GSFC 420-05-02B Earth Observing System (EOS) Performance
13 November 1992 Awurance Requirements for the EOS-AM

Spacecraft

2.1.2 Military Documents

2.13 Other Government Documents

2.2 Non-GovernmentDocuments

2.2.1 MartinMariettaAstroSpaceDocuments

20004280 Subcontmctor Performance Assurance Requirements
12 July 1991

20005396 Contract End Item (CIX) SpecKlcation for the
15 May 1993 EOS-AM Spacecraft (SEP-101)

20005397 Product Assurance Implementation Plan, (PA-1OO)
17 January 1992

20008607 Ground Rules and Assumptions for Failure Modes and
05 October 1992 Effects Analysis (FMEA) (PA-500)

EOS-DN-SE&I-010 Baseline Description Document (BDD) for the
10 June 1993 EOS–AM Spacecraft (preliminary)

Source: Martin Marietta Aslro Space
P. O. BOX 800
Princeton, NJ 08543-0800

2.2.2 Other Non-Government Documents

None
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3 SPACECILWI’FMEA OVERVIEW

The Spacecraft FMEA is used to identify the failure modes of the individual Spacecraft equipment
and to classify the failure modes by the level of criticality to the mission ob~ctives. The preliminary
FMEA kkntiiles single point failures early in the design phase so they can be eliminated from the
design, if possible.

3.1 MissionSuccessDefinitions

3.1.1 -Ion SuccessDefinitionForTheSpacecmftBus

The minimum capability required for Spacecraft Bus mission success shall be defined as the
capability of providing the instruments with the minimum resources and services for the mission life
of five years. The ability to transmit all recorded science data to the EOSDIS vis Ku-band TDRSS
or X-band DAS links shall be considered the minimum science transmission capability required for
mission success.

3.1.2 MissionSuccessDefinitionForThe EOS Instruments

EOS instruments must meet their individual requirements for data generation assuming the
Spacecraft Bus provided resources are available and within spcci.lication. Any self-provided power
conversions, thexmal control, deployments, criti@ telemetry or data storage must be included in the
instrument reliability assessment. instruments must provide the required science products for the
five year mission or the mission duxation required by the individual instrument petiormance
specflcation.

3.2 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 Spacecraft and the signi.tlcant events which define
the transition from ffom one phase to another are shown in Figure 1.

The Spacccmft FMEA was perfomled for the pre-operational and the operational mission phases.

3.2.1 Pm+perationalMissionPhase

The pre-opemtional phase includes the following mission phases:

a. launch/ascent phase

b. orbit acquisition initialization phase

c. orbit acquisition phase.

The launchh.scent phase was assumed to be 0.5 houm in duration. The duration of the remaining
phases was assumed to be 120 hours. Only the equipment that is required to operate in this phase
was included in the reliability calculations.

DCC072193
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322 Operational Mission Phase

The operational phase includes the operational initialization phase and the operational phase for a
duration of 5 years. This assumption accounts for the time necessary for the Spacecmft Bus to reach
the operational capability to suppon all of the instruments.

3.3 Level of Analysis

3.3.1 Prehminary Component Level FMEA

The prelim.inaryPMEA for the Spacecraft PDR was performed on components (bIackboxes) within
each Spacecraft Bus subsystem and for each of the instruments. The functional FMEA used
subsystem level functional blcck diagrams, subsystem functional descriptions and reliability block
diagrams to iden@ the outputs for each component in the subsystem. Interfaces and functions
occuning within compcments were not addressed at this level of FMEA. Potential failure modes
were identifkd for each component output depending on the nature of the output (power, signal
mechanical rotation, etc.) and the function of the box being studied Each of these failure modes was
documented on a FMEA worksheet, and the effects of each on other functiondboxes within the
Spacecraft or instrument wem assessed.

3.3.2 Detailed Hardware Analysis

The preliminary PMEA will be revised for the Spacecraft CDR and the analysis will be extended
to functions within components. The impact of these additional failures will be assessed on the
component level and on the Spacecraft level. The analysis will be extended to the circuit level as
required to ident@ mission single point failures. The analysis will address the cross-strapping of
redundant equipment to ensure that no single failure will adversely affect the performance of the
redundant capability. The FMEA will specitlcally address the impact of Spacecraft failures on the
instrument interfaces.

3.3.3 FunctionalBlockDiagram

The functional block diagrams were used to identify the outputs of the equipment under study,

3.3.4 ReliabilityBlockDiagram

A reliability block diagram (reliability model) was created for each individual subsystem and the
associated lower level components where applicable. The reliability block diagram reflects the
redundancy conllguration for the design and describes the equipment which is required for mission
success.

3.4 GroundRulesandAssumptions

The following ground rules and assumptions were used in performing the FMEA:

a. The analysis considered a single failure mode at a time.

‘7 DCC072193
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b. Power and signal inputs and software commands to the element being anal- are
assumed to be present and within specifkaion.

c. l%e only faihue mode considered for interface elechical connector’s was SeparXiOn.
Failure modes within connectors are not addressed.

d. The FMEA was performed for each of the following mission phases:

1. Pre+perational mission phase

2. Operational mission phase

e. Failure modes were only addressed if a plausible cause relating to hardware failures
exists. For example, contamination effects due to the natural environment are not
addressed in the FMEA. Contamination due to propulsion subsystem leaks are addressed
since they are due to hardware failure.

f. TheFMEA was perfoxmedon all Spacecraft electrical, electronic and electromechanical
flight hardware. Critical mechanisms and fluid devices were also studied. Purely
structural elements such as bolts and primary structure will not be addressed in the
FMEA.

3.4.1 SubcontractorFMEAs

Subcontractor supplied preliminary FMEAs were incorporated into the Spacecmft level FMEA-
Information was extractedtiom the subcontractorFMEAs to show the effects at the Spacecraft level.

3*5 criticality classifications

The following criticality class~lcations were used in the FMEk

a. Critkality 1: A single failure that could result in:

1. Loss of human life or serious injwy to personnel, or

2. Loss of launch facility or launch vehicle, or

3. Complete loss of science data prior to required mission life.

b. Criticality 2: A single failure that could result in degradation of science data from one
or more instruments.

c. Criticality 3: Loss of redundancy or no effect on science data.

3.6 FMEA Worksheets

The FMEA is documented on worksheets as shown in Figure 2.

The following sections define each data field on the worksheet and describe the infomlation that is
required:

a+i. These fields identify the hardware that is being studied on each spectilc worksheet. ‘
Multiple failure modes may be addressed on a single form.

e. If a separate analysis is performed for individual EOS mission phases, this entry identifies
the phase presented on the worksheet.

DCC072193 8



Failure Modes and Effects Analysis
EOS–AM Spacecraft

;ubsystem: A Subassembly: C Design Engineering: F Date

;omponent B Function: D Systems Englneerlng: F Date:

Mission Phase: E Rellablllty Engineering: F Date:

Failure Ilem or Failure Mode PosMblo Failure Effects Methodof Exlstlng Space Remarkaand
Mode Function Causes n. Local or Subsystem DetectIon/ Comparreatlng Oraft Recomrnandatlons
No. b. Next Higher Assy. Verlflcatlon Featuraa Level

c. Spacecraft Crftlcallty

2 H I J K L M N o

.-

Figure 2. Sample FMEA Form
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f. The responsible engineers ikom Systems, Design, and Reliability Engineering shall sign
and date individual sheets to note concurrence with the analysis.

g. Failure Mode Number - A unique number will be used for each failure mode identifkd.
The number will include the subsystem abbreviation and a code for each component.
Failure modes will be numbemd sequentially for each mode within a component.

h. Item or Function - The component or item output that is being studied is identifki.
Terminology depicted on functional block diagmms shall be used for consistency and
traceability.

i. Failure Mode - The specKIc failure mode of the item or function that is being studied.

j“ Possible Causes - This field contaks one or more valid causes of the failure mode being
studied.

k. Failure Effects - The sptzflc failure effects of the failure mode are described in this
column. If different effects result from the mission phase when the failure occurs, separate
entries are made for each. Subcontmctors for some elements will be able to complete only
the local effects for their hardware. Higher level effects and mission criticality will be
added by Reliability and Systems Engineering tier submission to Martin Marietta Astro
Space (Astfo Space).

Local effects - Included under heading “A”. Local effects specficay kcIu* fie

impact that the assumed failure mode has on the operation of the item under
consideration.

Next higher assembly - Included under heading “B”. These are effects that the
assumed failtue mode has on Spacecraft elements at the next higher level. preliminary
FMEAs done to the component level only may exclude this level of effect since the
next higher level is the Spacecraft.

Spacecraft – Included under heading “C”. The top level effect that the assumed failure
mode has on the performance of the Spacecraft. Loss of instrument support is defined
in this enuy.

1. Method of DetectiotiVeri.tlcation - The means of identifying that the specific failure mode
has occurred. This entry should include the spec~lc telemeuy point when available. When
failure effects for different mission phases are included, their methods of detection must
also be addressed.

m. Existing Compensatory Provisions-This entry defines and describes the design provisions
or operational workarounds which circumvent or mitigate the effect of the failure mode.

n. Spacecraft Level Criticality - The criticality of the specific Spacecraft level effect of this
failure mode. If separate effects are listed for different mission phases, their criticahty is
entered separately.

o. Remarks and Recommendations - Any pertinent comments or references are included.

DCC072193 10



20008657
30July 1S93

4 FMEA SUMMARY

4.1 SpacecraftBusSummary

The preliminary Spacecraft Bus FMEA has shown that the majority of the Spacecraft components
have suiXcient redundancy to ensure the reliable operation of the Spacecraft Bus in meeting the
mission objectives. The majority of the Spacecraft equipment failure modes are classified as
criticality level 3, loss of redun~cy or no effect on the mission.

The preliminary Spacecraft Bus FMEA has identifkd some failure modes as single point failures.
The failure of any one of these items would adversely tieet the ability of the Spacecraft to meet the
mission objectives. Table I surnmarizes the Spacecraft Bus single point failures.

Table L Spacecraft Bus Single Point Failure Summary

L
Subsystem

EPs

F
EPs

EPs

EPs

l-%=
F

Failure
Mode No.

EPSADO1

EPSAD02

EPSAD03

EPSA06

PIUzf’ol

PRFLO1

PTFF02

Item

SAD stepper motor

SAD harmonic drive

SAD shaft bearing

SA mast Iongerons
and battens

Propellant tank

Fuel lines

Fuel filter

SA deployments

Failure Mti-e I
Jammed due to bearing failure I
IJarnmeddue to bearing failure orgearfailure

Jammed bearings I

Loss of SA stiffness I
1Loss of propellant (leakage)

ILeakage or rupture of fuel lines

‘External leakage due to weld failure. I

ISee SMS for details I

4.2 InstrumentsSummary

Some of the individual Instrument FMEAs were not received in time to be included with this version
of the Spacecraft FMEA. Some of the Insuument FMEAs which were received did not supply
enough level of detail to access the impact to the Spacecraft. The following paragmphs briefly
summarize the Instrument FMEAs which were received.

MISR FMEA -Did not receive.

MOPITT FMEA – Did not receive.

MODIS FMEA, dated9/92-The MODIS FMEA was very preliminary, major updates to the design
are anticipated. The FMEA only addressed failure impacts to the MODIS science mission. No
definitive effects stated for the Spacecraft. Some criticality level 1 failure modes were identtiled,
these were mostly shorts at the intetiace which would result in the loss of MODIS. There were no
definitive effects to the Spacecraft.

ASTER FMEA, dated 3/93 – The ASTER FMEA was very preliminary and there was not much
detail. There were no definitive effects to tie Spacecraft.

11 DCC072193
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CERES FMEA, dated5/92-The CERESFMEA was arrhtively detailed analysis. The instrument
to Spacecraft interfaces were addressed.

The FMEA stated that there could be some shorts to ground failure modes of the
CERES power bus which would require Spacecraft circuit protection to preclude
darnage.

The FMEA also postulated a failure mode where the ability to tum off the survival
heaters would be lost. this would result in a possible violation of the heat transfer
limit across the interface.

The FMEA also accounted for some structural failures as criticality level 1.

DCC072193 12
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5 SPACECRAFT BUS SUBSYSTEM FMEAS

This section describes each of the individual subsystem FMEAs.

The FMEA failure mode numbers followed the following format

XXYYYZZ where

a. XX is the subsystem identiler

b. ~ is the equipment identifkr

c. ZZ is the sequential failure mode identiler

Table II shows the abbreviations used for the FMEA failure modes numbers

Table II. FMEA Failure Mode Identifiers

Subsystem Component Description

EP EPs

SR Slip Ring Assembly

SA Solar Array Assembly

Ssu Switched Shunt Unit

SAD Solar Amy Drive

ADE Amy Drive Electronics

PDU Power Distribution Unit

BAT Battery Assembly

BPM Batter Pressure Monitor

BPC Battexy Power Conditioner

PR PROPS

PT Propellant tank

w Service valve

FL Fuel line

FF Fuel Filter

LV Latch valve

REA Rocket Engine Assembly

TC Thermal Control equipment

PT Pressure transducer

Pm PMEA

CD C8ZDHS

Scc Spacecraft Controls Computer

13
. .
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Table K1.FMEA Failure Mode Identifiers (Continued)

Subsystem Component Description

CommancUTelemetry Interface
unit

BDU Bus Data Unit

SFE Science Formatting Equip-
ment

SSR Solid State Recorder

CM COMMS

HGA High Gain Antema Assembly

MOD KSA modulator

SBT S-Band Transponder

SB S-Band Interface Unit

Omni antenna

DAS Direct Access Service

GN GN&CS

RWA Reaction Wheel Assembly

IRu Inertial Reference Unit

Magnetic Taquer Rod

Css Coarse Sun Sensor

ACE Attitude Control Electronics

SST Solid State Star Tracker

FSS Fine Sun Sensor

TM Three Axis Magnetometer

ESA Earth Sensor Assembly

Psu Power Switching Unit

TC TCS

CP CPHTS

EM Equipment Module

ME Miscellaneous

SM SMS

HGA High Gain Antenna Assembly

SA SA deployment

DCC072 193 14
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5.1 Electrical Power Subsystem @PS) PMEA

5.1.1 Description

The El% provides all Spacecraft instruments and subsystem housekeeping equipment with +120
VDC *49%power (at the user) during all mission phases. The EPS is modular to facilitate integration
and ground test, and is designed to provide single-fault tolerance and a high level of redundancy.

The EPS provides the fimctions of energy generation, energy stomge, power conversion, regulation,
and distribution. The EPS utilizes a fully-regulated direct-energy-transfer (DET) cmf@uration 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 efflcien~ while providing *4% regulation (at the user) for all loads. The EPS is ~quired 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 may which rotates via a solar array
drive (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
convener. During the sunlit portion of the orbit, (66.2 to 64.1 minutes), the BPCS charge the
batteries, transfcnming energy horn the +120 volt bus voltage level to the cu.mentrequhd by the
batteries. Excess solar array power is shunted via a sequential shunt unit (SW).

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. The central power 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 minimized 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 fting 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
batte~ charge rates based on battery depti-of-~schmge, desired ~ mtio, ad SOIW~ayjsun
orientation. In addition, this software will perfoml 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 30% for the normal operational mode.

15 DCC072193
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5.102 Functional Block _

The EPS functional block diagram is shown in Figure 3.

5.13 Reliability Block Diagram

The EPS reliability block diagram is shown in Figure 4.

The SSU reliability block diagram is shown in Figure 5.

The PDU reliability block diagram is shown in Figure 6.

The Battexy Assembly reliability block diagram is shown in Figure 7.

5.1.4 Subcontractor FMEAs

The SAA subcontractor (TRW) has suppled a preliminary FMEA for the SAULThe results of this
analysis were included in the EPS and SMS FMEAs.

5.105 Summary of Findings

The preliminary EPS FMEA has identified a total of 37 failure modes for both the pre+perational
and the operational mission phases.

There are 4failure modes which have been detetiedto have criticality level 1and are single point
failures. These failure modes are shown in Table IIL

Table IIL EPS Criticality Level 1 Failure Modes

Failure Mode No. Item Failure Mode

EPSADO1 SAD stepper motor Jammed due to bearing failure

EPSAD02 SAD harmonic drive Jammed due to bearing failure or gear fail-
ure.

EPSSAD03 SAD shaft bearings : Jammed bearings— ~

EPSA06 SA Mast Longerons and Loss of 5A s~ness.
Battens

The remaining failure modes were determined to have a criticality level of 3.

5.1.6 Failure ModesStudied

A summary of the failure modes which wem studied is shown in Table IV.

.

DCC072193 16
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Table IV. EPS Failure Modes

Component Failure Mode

slip Ring Assy Brush not in contact with slip ring

SAA Loss of output

Sm Shunt failed short or power module failed short

SA4 Loss OfCOIUIWtiOIl

Sm Longerons deform or batten separates ftom lattice

Ssu Loss of output

SAD Bearing failure ‘

SAD Gear failure

ADE Loss of output

ADE Open winding

PDU lass of output

PDU BUSshorted

Batt Assy Shored celllopen cell

Batt Assy Diode short

Batt #Msy Switch failure

Batt IMsy Cell not operating in thexmal range

BPM Loss of output

BPC Loss of output

5.1.7 FMEA Worksheets

The individual FMEA worksheets for the EPS are shown in Appendix I.

5.2 Propulsion Subsystem (PROPS) FMEA

5.2.1 Description

The PROPS 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-stropped 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 from 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. An elastomeric
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diaphmgm within the tank expels propellant by providing a separation banier between the
pressurant and hydrazine fuel. Individual servicing of propellant and pressurant is achieved via
separate and dedicated service valves. This tank and manifold cor@uration permits loading and
unloading of the subsystem in either a vertical or horizontal positions. Engine half-systems are
interconnected by a Cros=oupling manifol& which makes available the full propellant load to
either set of thrusters. Latching valves can are utilized to isolate the thrusters from a particular
propellant source, i.fnecessary, and to provide a third inhibit to propellant leakage. The all welded
subsystem manifold is constructed of both titanium and stainless steel to miimize the required
number of transition tubes.

A thenna.1balance method is utilized to provide an extremely accurate estimate of fuel remaining
and allows periodic updates with increasing accuracy throughout Spacecraft life. This
non–intrusive 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 tankh%el system following pressurization lockou~ the specific 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 130L to 0.1% at one year before tank
depletion is scheduled to occur. TWOadditional methods w provided to supply a redundant
estimation of remaining propellant, the pressure-volume-temperature (PVT) method and the
book-keeping method.

The PMEA provides signal conditioning and control functions required to drive the monopropellant
thrusters, heater circuits, and latching valves from standard interface cimuits provided by the BDU
and the serial input of the ACE intetface. The PMEA also provides the signal conditioning mquimd
to convert output level signals from temperature sensors and pressure transduce associated with
the Propulsion Subsystem into standard analog voltage signals compatible with the BDU interface
circuits.

The Electrical Power Conditioners receive prinury and redundant 120 V fused power and return
feeds from the 120 V fuse disrnbution boxes. Elecrncal isolation shall be maintained between the
redundant feeds. The EPC’S output intetiaces directly to the 28 V FDBs before being distributed
to propulsion module components.

The EPCS and some of the thermal control components are technically part of the EPS and the TCS
but are included as part the propulsion module. In the Spacecraft FMEA these components are
included with the PROPS calculations because a failure of one of these components would directly
impact the operation of the PROPS.

5.2.2 FunctionalBlockDiagram

The propulsion module functional block diagram is shown in Figure 8.

The propulsion subsystem schematic is shown in Figure 9.

5.2.3 ReliabilityBlockDiagram

The propulsion subsystem reliability block diagram is shown in Figure 10.
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5.2.4 Subcontractor FMEAs

There were no subcontractor FMEAs used for this PROPS FMEA.

5.2.5 Summary of Findings

~] Fill& Drain
Valve

~ Filter

❑ Latch Valve

!!!51bf Thruster

!!!!1lbfThruster

The preliminary PROPS FMEA has identified a total of 14 failure modes for both the
pre-operational and the operational mission phases.

There are 3 failure modes which have been determined to have criticality level 1and are single point
failures. These failure modes are shown in Table V.

Table V. PROPS Criticality Level 1 Failure Modes
r

Failure Mode No. Item Failure Mode

PRPTO1 Propellant tank LOss of propellant

PRFLO1 Fuel lines Leakage or rupture of fuel lines

PRFF02 Fuel falters External leakage due to weld failure

The remaining failure modes were determined to have a criticality level of 3.
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5.2.6 Failure Modes Studied

A summary of the failure modes which were studied is shown in Table VI.

Table VI. PROPS Failure Modes

Component

FTopellant Tank

Propellant tank
heaters

,Service valve

Fuel lines

Line heaters

Fuel falter

Latch valve

REAM

Thermal control

Pressure transducer

PMEA

120V/28V EPC

Failure Mode I

Loss of propellant

Failure to maintain required temperatures

I

Leakage of propellant

Loss of propellant

Loss of propellant due to downstream of cold point

Loss of propellant supply to thnlsters

Failure to opdclose or external leakage

Loss of REA thrust capability

Loss of ability to maintain component temperatures above the freezing
point

Loss of propellant pressu monitoring

Loss of the ability to command thrusters and other PM components

Loss of power I

S.2.7 FMEA Worksheets

The individual FMEA worksheets for the PROPS are shown in Appendix II.

5.3 Command and Data Handling Subsystem (C&DHS) FMEA

5.3.1 Description

The command and data handling subsystem (C&DHS) provides onboard computing resources to
accomplish Spacecraft control and digital communications in suppofl of inter-module,
intra-subsystem, and inter-subsystem data trtilc. 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. Disoibution of realtime and stored commands generated on the ground or by the onboard
software.

b. The periodic collection of Spacecraft Bus telemeny and instrument housekeeping
telemet~ and the formatting of these data for transmission to the ground and the onboard
software.
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c.

d.

e.

f.

!3

h.

L

The gathering, formatting, multiplexing, andrecordingof multiple streams of packetized
instrument Science Data.

The genemtion 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 sotiaxe resources required for the execution and storage
of the programs and data belonging to the onboard subsystems.

The input and output of data fkmdto subsystem sensordeffectors 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 replicatingand delivering the ancillary &ta message to the onboard
instruments and transmitting it to the ground for ground system use.

The njor components of the C&DH subsystem and their prirmy fimction are listed in Table WI.
Control of most Spacezmft functions is provided by mhmdant 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+m for
diagnostic operations. The commandhelemetry intexface unit (CITU) provides the communication
interface for upIinked commands and the housekeeping teleme~. The command and telemetry bus
(C&T bus), which is the onboard communication link benveen the C’f’IUs,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 comroller (BC), the other CTIU (hot standby) acts as a remote terminal, and all other nodes
are con.f@red as remote terminals (RTs).The bus data units (BDUS), residing near instruments and
within housekeeping equipment modules, provide the monitoring and control services to their
associated instruments or Spacecraft components. Standardized inputioutput (1/0) circuit modules
interface the BDUS to sensors, effecters, and other units.

Dedicated point-t~point data links carry high-rate instrument data to the Science Formatting
Equipment (SFE). The SFE genemtes 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 CTIUs are RTs.
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Table VIL C&DHS Major Components

Command and Telemetry
Interface Unit (CITU)

Bus Data Unit (BDU)-
Housekeeping

Bus Data Unit (BDU)-
Propulsion

Bus Data Unit (BDU)-
instrument

Science Formatting Equipment
(sFE)

Solid State Recorder (SSR)

2

2

6

1

3

Ti5i5r
2 DMU

Major Function I

~

FSWS software processing resource, only one

Centml component for Spacecraft commanding
and teleme~ generation; only one active

Interface to housekeeping equipment for
command distribution and telemetry gathering
tiomko the CTIU

Interface to Propulsion Module for command
distribution andtelemetry gathexing fromho the

Provides point-to-point intefiaces for critical and
cotilguration type commands and telemetry I
Receives, multiplexes, formats, and routes
science and housekeeping packets

Storage of housekeeping data for anomaly
Esolution

Storage of formatted fkames prior to playback to
SFE

5.32 Functional Block Diagram

The C&DH subsystem is distributed throughout the EOS-AM Spacecraft with interfaces to all other
subsystems and to the instruments. The functional block diagram of the C&DH subsystem
components showing how they w distributed about the Spacecraft is shown in Figure 11.

The SCC functional block diagram is shown in Figure 12.

The CTIU functional block diagram is shown in Figure 13.

5.3.3 Reliability Block Diagram

The C&DH subsystem reliability block diagram is shown in Figure 14.

The Housekeeping BDU reliability block diagram is shown in Figure 15.

The Instrument BDU reliability block diagmm is shown in Figure 16.

The Propulsion Module BDU reliability block diagram is shown in Figure 17.

5.3.4 Subcontractor FMEAs

The SCC subcontractor (Honeywell) has suppled a preliminary FMEA for the SCC. The results of
this analysis were included in the C&DHS FMEA.
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5.3.5 s ummary of Findings

The prelirninmy C8CDHS FMEA has identifkd a total of 16 failure modes for both the
pre~perational and the operational mission phases.

All of the faihm modes were determined to have a criticality level of 3.

5.3.6 Failure Modes Studied

A summary of the fa.ih.m modes which were studied is shown in Table VIII.

Table VIII. C&DHS FailureModes

Component FailureMode

Scc Loss of ancillary data

CTIU Loss of uphnk data routing

CTIU Loss of downlink data collection

ICTIU ILOSSof command distribution from the SCC I
tclm ILoss of time generation and synchronization

s
I

IBDU ILOSSof command execution I
1

BDU ILoss of telemeny gathering capability I

ISFE ILOSSof the ability to receive and route data streams I
L

SFE Loss of the ability to route data streams to the appropriate destination

SSR Loss of the ability to store housekeeping telemetry

ISSR ILoss of the ability to store science data I
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53.7 PMEA Worksheets

The individual FMEA worksheets for the C&DHS are show in Appendix III.

5.4 Communications Subsystem (COMMS) FMEA

5.4.1 Description

5.4.1.1 Communications Links andLinkParameters

Communications subsystem links between the EOS Spacecraft and external elements are shown in
Figure 18. The links satis~ the functional requirements for high-rote science data downlink,
Spacecraft engineering data do- command and control upu and navigation support-

Tracking & Data
Relav Satellite

OPERATIONAL
KSAISSAMAA

CONTINGENCE
SSA

~band Omni
Antenna

TDRSS
GROUND LINK

~
c

3

EMERGENCY c
g

u53
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The communication links utilize several semices of the ‘I13RSS:

a. KSA return service fm science data downlink,

b. SSA and SMA return service for engineering do-,

c. SSA and SMA forward service for commands and

d. SSA and SMA forward smite 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.

5.4.1.2 Communications Services

The communications subsystem supports the EOS Spacecraft housekeeping functions by providing
command reception, telemetry transmission and navigation services. ‘Ilansrnission of telemetry and
reception of commands will be primarily suppcxted through the Tkacking and Data Relay Satellite
System (TDRSS). If the TDRSS becomes unavailable, backup command and telemedy 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 ‘IDRSS based S-band tracking support function will be utilized as the backup
navigation source. Direct dowrdink services will also be included which will provide direct to user
science data and also act as a backup to the TDRSS science data retmn link function. The
communications subsystem will support an interface for command functions through the launch
vehicle umbilical for prelaunch checkou~

To accommodate the above objectives, the communications subsystem will include Ku-band,
X–band and S–band equipment.

The Ku-band equipment will provide the following functions:

a. Modulate and transmit one single 150 Mbps data channel via the TDRSS KSA teleme~
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.

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 telemetry data on the TDRSS SSA and SMA Return
links.
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d.

e.

f.

&

L

ReceiveanddemodulatetheGNcomrnanduplinksignalsexcludingtherangingchannel.

ModulateandtransmitbasebandtelemetrydataontheGN telemeuydownlink.

PerformDopplerextractionontheTDRSS forwardlinkand time tag the data for
processing by the C&DH subsystem.

Detect the PN code epoch
Spacecraft clock calibration

5.42 Functional Block Dia&am

on the TDRSS fonvard link and time tag the event for
processing by the C&DH subsystem.

The communications subsystem functional block diagram is shown in Figure 19.

5.43 Reliability Block D~

The communications subsystem reliability block diagram is shown in Figure 20.

5.4.4 Subcontractor I?MEAs

The HGA subcontractor (SPAR) and the S-band mnsponder subcontractor (Motorola) have
suppled preliminzuy FME&. The results of this analyses were included in the COMMS FMEA.

5.4s Wllmzqof Findings

The preliminary COMMS FMEA has identified a total of 24 failure modes for both the
pre-operational and the operational mission phases.

All of the failure modes were determined to have a criticality level of 3.

5.4.6 Failure Modes Studied

A summary of the failure modes which were studied is shown in Table IX.

5.4.7 FMEA Worksheets

The individual FMEA worksheets for the COMMS are shown in Appendix IV.

5.5 Guidance Navigation & Control Subsystem (GN&CS) FMEA

5.5.1 Description

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 suppt
propulsive operations for orbit adjust and boost modes.
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Table IX. COMMS Failure Modes

Component

HGA

HGA

HGA

HGA

1-
KSA modulator

MO

S-Band Transpond-
er

SBIU

IOrnni antenna

lDAS

Failure Mode I
Loss of simuds 1

I

~Loss of pointing capability I

1Loss of output

Loss of IF or LO signals

ILoss of HGA drive capability

Loss of HGA drive control

Loss of output

Loss of output

Loss of output

Loss of output I
Loss of signals

Loss of output I

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. The pointing and navigation performance is
predicated on parameters affecting atmospheric density being within the indicated limits.

The GN&C subsystem autonomously controls the Spacecraft attitude, and maintains a navigation
state vector, which allows attitude knowledge to be provided to instruments. Attitude control and
knowledge are referred to the instrument cubes. Attitude control errors and instrument positioning
errors differentiate Pointing Accuracy from Pointing Knowledge.

The GN&C subsystem 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 inertial reference unit (IRU) for
attitude rate. The three-axis magnetometer (TAM) senses the geomagnetic field. Backup attitude
sensing is provided by the earth sensor assembly (ESA) for the roil and pitch axes, and by

fYmcomP~s@ for he Yawaxis” The f~e sun sensor @ss) Sewes ~ a back–uP sensor for attitude
determination if one solid state star tracker (SSST) fails. 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 fxequency. TONS also supponts onboard time maintenance and provides Doppler
compensation predicts for the S-band transponder. TONS is dependent upon receiving adequate
TDRSS scheduled services.
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Primary attitude control is provided by the reaction wheel assemblies (RWJ%),with momentum
unloading by magnetic torque rods (MTRs). Thrusters within the (propulsion subsystem) provide
for backup attitude control andhrmomentumunloatig, as well as foratthude slewing and velocity
corrections.

Most GN&C algorithms am implemented by flight software resident in the C&DH Spacecraft
controls computer (SCC). GN&C primary mode functions are accomplished by a fault-tolemnt
system which includes fault &tection, isolation, and recovery (FUR) capability, using functional
and component redundancy. GN&C acquisition modes sexve also as backup mode& and enable
graceful transition to and ikom the primary modes, as necessruy.

TONS navigation softxvam resi&s in the SCC. Safe-mode control is implemented via the ACE.
‘l%eACE provides coarse attitude control of the EOS Spacecraft in the event of a major C&DH
system problem.

The power switching unit (PSU) supplies 28V power to the GN&C subsystem equipment.

5.5.2 Functional Block Dhgram

The GN&C subsystem functional block diagram is shown in Figure 21.

The GN&C subsystem electrical interfaces are shown in Figure 22.

533 Reliability Block Diagram

The GN&C subsystem reliability block diagram is shown in Figure 23.

The ACE reliability block diagram is shown in Figure 24.

5.5.4 Subcontractor FMEAs

There were no subcontractor FMEAs used in the GN&CS FMEA.

5.5.5 SummaryofFindings

The preliminaryGN&CS FMEA has identified a total of 20 failure modes for both the
pre-operational and the operational mission phases.

All of the failure modes were determined to have a criticality level of 3.

5.5.6 Failure Modes Studied

A summary of the failure modes which welt studied is shown in Table X.

. .
DCC072193 42



B
EYS-Band

ransponde

ElEarth
Sensor

1e
I

Solid-State “
./ ..ea.,*..o.*.#.*@*#a*.*-n.*---- . ..-.-**-.
;C&DH Subs@em 2

Star
/ . . . . . .. . . . . . . .. .-..,, ..--. . . .. . .. . . .. $
j \scc

Tracker 64
jj

$$
7

~~

ESAData~ 1+
GN&C \ \RWA Toraue

SSST Data! ;

● GN&C Fault DetectIon

#.**. ***..** ***.** . . . . . . . . . .. A.*.*0*..**.A

E!EiMI

L

uCoarse –”
Sun

Sensor

I
I

I
1

I

i
.—— .—

———— +“
I———— —
I
I
L

a Eis!ir-----fi

IJttitude Control Electronics (ACE)

— —-

~

CtrlDAC’S
& Analog

,sq=--j~-,

g Note: Ihshcd boxes not part of GN&C subsystcm.
4

I
I Tach Pulses %

v

1 Torque Cmd
Reaction

I
Wheels

: :J F

Figure 21. GN&C Subsystem Functional Block Diagram



20008657
30 July 1993

i solMsnmsw Tradmrl I

rsoIidS&taSmrTx2 I

1-- &sT2) I

—-’---tn

r .- —--— -
1

Lapnd

I-cmus(mn.f
I C.&DHS)

k——

!=
ICOMSmnfxmam.—

_T p~ops ~!

L-”” “?EPS axnpensm

lb

9----

Ws ~

~ :lEMamwf-

DCC072193

‘&unfd RWAti@a@a
Tdanmy

&

, Raw
‘ Stmgm

1 Hd I

-.
a
w I
l=+Tkn Fma Sm Sansof

(FSs)
a~es b Ekwnks

L-T

I—--*$24-1----
T -%’&-
“’--2 ‘&liii----

-4

Figure 22. GN&CS ElectricalInterfaces

44



ACE RW REACTION

—

i%
SUN

SENSOR

3 FOR 2

NOTE: ● = LOWER LEVEL REDUNDANCY r

Figure 23. GN&C Subsystem Reliability Block Diagram



WHEEL REACTION
DRIVER WHEEL

4 FOR3
~ 2FOR1ACTIVEREDUNDANCY~

CLOCK PRO(3 PI
RAM

RI(JTLM SHE
ITP INT& TORQ TOP 8HDP

TIMIN5 CNTL CNTL POWER SHDP SHDP FUSESD
ARITH CONV RSIC CNTL LEVEL SUPPLY INWT PROC OUTPUT

iA’o.dA’l..,H..d”;.JAR.,,HAR.dAT.tm~

~ 2FOR1STAND-”R’DUNDAN’Y~ r

Note: ACE RW driver and the RW are included at the subsystem level

Figure 24, ACE Reliability Block Diagram



20008657
30July1993

Table X. GN&CS Failure Modes

I Component I Failure Mode I
IRWA ILoss of reaction torques I
R-WA Loss of tach pulses

IRu Loss of mro channel
w.

IRu Loss of body rates and delta angle pulses

M’Ill Loss of magnetic moment

Css Loss of output

ACE LOSSOfTW pOWtXconditioning
I

ACE ILoss of RWA power conditioning I

IACE ILoss of RWA torcme commands I
I .

ACE ILoss of IRU tachometer pulse signal processing capability I
IACE ILoss of RWA tachometer pulse signal processing capability I
IACE ILoss of RWA control signal processing I
IACE ILoss of MTR drive capability I
ACE Loss of Safe Hold capability

ACE Loss of thnlster commands

ISSST ILOSSof star position and magnitude data I
]FSS ILoss of sun vector data I

ILOSSof output I
IESA ILoss of output I
IPSU ILoss of output I

5.5.7 FMEA Worksheets

The individual FMEA worksheets for the GN&CS are shown in Appendix V.

5.6 Thermal Control Subsystem (TCS) FMEA

5.6.1 Description

The EOS-AM TCS is required to maintain all Spacecraft components intetiaces
within allowable thermal limits throughout all operating and non-operating conditions.

The therms! 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 componenttistructures, e.g., low emissivity (e) tape or multi.layer
insulation (MU) for radiative isolation, and high ernissivityflow absorptivity (et) surfaces (optical
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solar reflectors) for radiators. For componentdqtipmnt with more stringent requirements, active
thermal control methods are employed. A Spacti-providd cap- pum~d heat transpofi
system (CPHTS) provides the-control of the instrument interfaca which cannot reject their heat
locally from the instrument. Constant conductance heat pipe radiator panels are used to equalize
temperature gradients in selected EMs as well as on the CPHTS radiators. Where requird,
autonomously controll~ heaters ensure that minimum temp=- reqtiments are *tied.
Heater control electronics and thermostats are used forh-tm con~ol. Key featms of the EOS-W
TCS are shown in Figure 25.

5.602 Functional Block Diagram

A functional diagram of the various thermal control methods is shown in Figure 26.

Solar Amay Assembly

Passive TC (Silver Teflon, ooatings, MU)
(P

Autonomous heater oontrol . &“;

Equipment Module Thermal Ocmtrol

Passive TC (Silver Teflon, ooatings, MLI)
Heat pipes
Autonomous heater oontrol
Seleotive equipment layouts

ermal Contro

rigs, MLI)

sitioning

Hybrid (CPHTS and local control)

DCC072193

Figure 25. TCS Key Features
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5.63 Reliability Block Diagram

The TCS reliability block diagram is shown in Figure 27.

The CPHTS reliability block diagram is shown in Figm 28.

The equipment module reliability block diagmm is shown in Figure 29.

The distributed housekeeping reliability block diagram is shown in Figure 30.

5.6.4 Subcontractor FMEAs

There were no subcontractor FMEAs used in the TCS FMEA.

5.605 Summary of Findings

The prelirnimuy TCS FMEA has identifkd a total of 14 failure modes for both the pre+perational
and the operational mission phases.

All of the fa.ihue modes were determined to have a criticality level of 3.

5.6.6 Failure Modes Studied

A summary of the failure modes which were studied is shown in Table XL

Table XI. TCS Failure Modes

Component Failure Mode

CPHTS Fluid leak

CPHTS Loss of output

CCHP Reduced heat transport capability

Heater Assy Loss of output

MU Insulation becomes detached

Silver teflon tape Tape becomes detached

5.6.7 FMEA Worksheets

The individual FMEA worksheets for the TCS are shown in Appendix VI.

5.7 Structures and

5.7.1 Description

The SMS provides the

Mechanisms Subsystem (SMS) FMEA

necessmy 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 envelop% AM ins~ment set science ad the-l
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1* 2* 3* 4* 5* 6* 7* 8* 9* 10

1%:-:P Operational
Duty Cycle Phase

Block # Equipment Description (%) FITs Ps Ps(5YRs)

1 Capillary Pumped Heat Transport System (CHPTS) 100 ** 0,999990 0.999053
2 Recorder Equipment Module 100 ** 1.000000 0.999985
3 Power Equipment Module 100 ** 1.000000 0.999999
4 GN & C Sensor Equipment Module 100 ** 1.000000 0.999983
5 Comm/C&DH Equipment Module 100 ** 1.000000 0.999971
6 RWAEquipment Module 100 ** 1.000000 0.999984
7 DASPancl 100 ** 1.000000 0.999991

Distributed House-keeping thermal control 100 1.000000
! Multi layer insulation (MLI) 100 PS-;9999 1::8:888 0.999900
10 Silver Teflon tape 100 Ps= 0.9999 1.()()()0()() 0.999900
11 Propulsion Module 100 ***

12 Battery panel 100 ***

TCS reliability prediction 0.999989 0.998766

TCS reliability allocation 0.998

* Intemallyredundant
** See separate reliability block diagram
*** Covered underPropulsion and Electrical Power subsystems

Figure 27. Thermal Control Subsystem Reliability Block Diagram
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Block #

:
3
4
5
6
7

;
10
11
12
13
14

Equipment Description

Heat ~pe spreader (Th 3/2, SWIIVMOPITT 5/4)
Heat pipe h~ader
Heat exchanger
Non-compressable gas trap &pressure switch
Reservoir.
Reservoir operational heater - thermistor
Reservoir operational heater – HCE (~pe 3)
Reservoirr)pcratirmal heater-element
Fill / drain valve seal
Transport lines& flex lines
Cold plate capliiary pumps
Cold plate survival heater – thermistor
Cold plate survival heater - HCE (Type 2)
Cold t)late survival heater – element

Duty Cycle
(%)

100
100
100
100
100
100
100
100
100
100
100
1

-

PITs

5
5
15
100
30
.525
88.3
5
70
120
25
.525
40.2
5

r

Figure 28, CPHTS Reliability Block Diagram
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Figure 29. Equipment Module Reliability Block Diagram
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Duty Cycle
Block # Equipment Description (%) FI’1%

1 BDU survival heater – thermistor 1 .525
2 BDU survival heater - HCE (~pe 2)
3 II i 40.2

BDU survival heater – element 1 5

r

Figure 30. Distributed Housekeeping Thermal Control Reliability Block Diagram
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fields-of-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.

5.702 Structures

The EOS-AM Spacecmft structure consists of the primary structure, EMs, equipment panels,
instrument accommodation structures, and other secondary structures which suppcxtharnessing and
components mounted to the primary structure.

The Spacecraft structure is ~ included in the Spacecmft reliability assessment and FMEA. The
Spacecraft structure is assumed to have a IO()%probabtity of success, since, as part of standard
design practices, the structure will have sufficient rnarginsto preclude the possibility of any failures.

5.702.1 Restraint/Deployment Mechanisms

The HGArestraint/deployment system is currently undervaluation formlesign. For the Spacecraft
PDR the following baseline deployment system was used The HGA deployment system
incorpomtes a graphite/epoxy boom with a springdven hinge to achieve the proper extension from
the Spacecraft. A damper allows for a controlled deployment away from the Spacecraft, and a
redundant spring ensures reliability.

The means for resmining the solar may assembly (Sfi) will be provided by the solar army
subcontmctor, however, it will likely incorporate pyrotechnic separation nuts to achieve restraint
and controlled release. The pyrotechnic devices will employ redundant charges and electronics. The
subcontractors preliminary reliability assessment was used as the baseline in the Spacecraft analysis

The solar array is deployed using an Astro mast cannister design. The flexible blanket a.mayis
deployed by fmt initiating the blanket box separation system. Once the blanket box is release~ the
amay is rotated to the X-Y plane via the spring driven elevation hinge. Following rotation of the
array, the blanket box latches are released allowing separation of both halves of the blanket box.
Finally, the Astro mast motor is activate& which deploys the mast, unfolding the flexible blanket
to its final position.

5.7.2.2 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 a.mayin a forward or reverse direction at various speeds. A reduction
gear set provides sufllcient torque to overcome the worst case solar army inertial torques reacted to
the SAD and the fi-ictionaldrag 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.

The SAD is included in the electrical power subsystem FMEA. It is appropriate to include the SAD
in the electrical power subsystem analysis because the SAD is required to operate throughout the
mission.

55 DCC072193



2QO08657
30July1993

L

5.723 Launch Vehicle Separation S@em

The Launch vehicle separation system is comprised of six discrete separation 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 interface to the launch vehicle and was more weight efficient than a
continuous ring intexface. 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 necessaxy velocity required for proper separation.

The Launch vehicle separation system is@ included in the Spacecraft FMEA because it is not
considered part of the Speeaaft equipment. However, each of the six separation nuts are single
point failures to the Spacecmft and mission.

5.73 Reliability Block Diagram

The HGA deployment system reliability block diagram is shown in Figure 31.

The SA deployment system reliability block diagram is shown in Figure 32.

5.7.4 Subcontractor FMEAs

The SAA subcontractor (TRW) has suppled a prelirninaxy FMEA for the Sfi deployments. The
results of this analysis were included in the EPS and SMS FMEAs.

The TRW FMEA provides two recommendations for the SA deployments:

a. TRW recommends a pre-launch visual inspection be performed to verify that the hinge
trigger in the Elevation Hinge Assembly has not been tripped inadvertently during
pm–launch activities.

b. For the cable lock assembly and the cables in the Blanket BOXSystem, the failure mode
of concern is the premature release of the cables which could result in the increased risk
of hardware release dutig the launch phase. TRW recommends a structural analysis k
pexfommd to confirm that if a single cable or linkage were to fail, the remaining cables
would prevent the hardware release.

5.75 Summary of Findings

The preliminary SMS FMEA has identified a total of 47 failure modes for both the pre-operational
and the operational mission phases.

There are 16failure modes which have been detemined to have criticality level 1and are single point
failures. These failure modes are shown in Table XII.

. .
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Figure 31, HGA Deployment System Reliability Block Diagram
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Table ML SMS Criticality Level 1 Failure Modes

I Failure Mode No. I “ Item I Failure Mode
1 ,

SMSAO1 ILongeron ILongeron fails
L

—
1

SMSA02 Diagonal lacing Separation from lattice

SMSA03 Battens Separates ffom longeron
1

SMSA05 13-lead rotating drum-nut IContamination or galling
I Imechanism I

lIZ&g and Pinion gear set IContamination

ISMSA12
I ,
IDrive motor IGalling

SMSA15 Gear assembly Jammed

SMSA17 Cable lcxk assembly Linkage failure

ISMSA18
1 1
ICable IMaterial flaw, cold weld
1

SMSA19 Thrnbuckle & load cell assy Error during assy and test

SMSA20 Guidewire tension unit Galling, contamination, cold welding

ISMSA23 IEddy current darnper
,

IContamination

SMSA26 Deployment and latch-up Comosion
cable

ISMSA31 ISeparation Nut Assembly

Galling, cold welding or contamination

Galling, cold welding or contamination

Failure to f~e (cartridge)

The remaining failure modes were determined to have a criticality level of 3.

5.7.6 Failure Modes Studied

A summary of the failure modes which were studied is shown in Table XI1l.

Table XIII. SMS Failure Modes

Component Failure Mode

HGA deploy Leaf breakage or fracture

HGA deploy Spring breakage

HGA deploy Damper binding

~HGA deploy Little or no damping provided during deployment

HGA deploy Bearing seized

HGA deploy Latch pin shears

HGA deploy Potentiometer circuit open
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Table XIII. SMS Failure Modes (Continued)

Component Failure Mode

HGA deploy Relay failure to close

HGA deploy EM.Ifalter opens or shcxts

HGA deploy Pyro initiator fails to fire

HGA deploy Separation nut fails to separate

SA deployment Longeron fails

SA deployment Sepamtion ffom lattice

SA deployment Separates from longeron

SA deployment Excessive rolling resistance or roller seizes on shaft

SA deployment Bearing seizes

SA deployment [Jariiined teetli I
I

SA deployment IExcessive friction I
SA deployment IFails open/closed I

I

SA deployment Iwinding failure I
SA deployment IFails to indicate end of travel

1

SA deployment IFknature cable release 1
SA deployment ICable breakage I

1

SA deployment ILoss of compressive force I
SA deployment Faihm to fm

SA deployment Loss of tension

ISA &ployment ILoss of motor ~wer I

5.7.7 FMEA Worksheets

The individual FMEA worksheets for the SMS are shown in Appendix VII.
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6 NOTES

6.1 Definitions

Failure Mode

Failure Effect

Failure Cause

Component

The manner by which a failure is observed. Generally describes the way the failure
occurs and its impact on equipment operation.

The consequences a failure has on the operatim function or status of an item.

The physical or chemical processes, design defects, quality defects, pm
misapplications or other processes which are the basic reason for failure or which
initiate the physical process by which deterioration proceeds to failure.

A functional subdivision of a subsystem and generally a self+ontained combination
of items pexfoxminga function necessary for the subsystem’s operation - a black box.

6.2 Acronyms and Abbreviations

ASTER ‘

CERES

C&DHS

COMMS

DAS

EAS

EPs

GN&CS

MISR

MODIS

lMoPITr

PDR

Ps

PROPS

SMS

TCS

Advanced Spaceborne Thermal Emission and Reflection Radiometer

Clouds and Earth’s Radiant Energy System

Command and data Handling Subsystem

Communications Subsystem

Direct Access Service

Electrical Accommodations Subsystem

Electrical Power Subsystem

Guidance, Navigation and Control Subsystem

Multi-Angle Imaging Spectr&Radiometer

Moderate-Resolution Imaging Spectrometer

Measurements of Pollution in the Troposphere

Preliminary design review

Probability of Success

Propulsion Subsystem

Stmctures and Mechanisms Subsystem

Thermal Control Subsystem
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# Failure Modes and Effects Analysis
~ EOS–AM SpacecraftU.1 MARTIN MARIETTA ASTRO SPACE

Subsystem: Electrical Power Subassembly: Design Engineering: L. Palmierl/ Data 7119193
A. Ferrara

Component: Function: Systems Engineering: S. Carey Date 7/19/93

Mission Phase: Pre-operationai Reiiabiiity Engineering: W. Schweigert Date: 7119193

Failure Item or F.ellure Mode Poeslble Failure Effects Method of Exlstlng space- Remarks snd
Mode Function Csuses s, Locsl or Subeystem DetectIon/ Compensating craft Recommendstlona
No. b. Nsxt Higher Assy. Veriflcstlon Features Level

c. Spacecraft Crftlcality

EPSRO1 SSUIDEU Brush not In con- Brush dig. a: Lose APS/DEU slip ring Telemetry Use redundant 811Prfng 3
feed & return tact with slip ring !orted, broken, brush bmsh
slip ring worn, move- b Loss of redundancy

men! c None

s

r



Failure Modes and Effects Analysis
EOS–AM Spacecraft MARTINMARIEITAASTROSPACE

Subsystem: Electrical Power Subassembly: Design Engineering: L. Palmieri/ Data 7/19/93
A. Ferrara

Component: Function: Systems Engineering: S. Carey Date: 7119193

Mission Phase: Pre+perationai and Opera- Reliability Engineering: W. Schweigert Date: 7/19/93
tional

Failure Item or Fallurc ~OCfO Possible Failure Effects Method Of Exlstlng space- Ftemsrks and
Mode Function Causea a. Local or Subsystem DetectIon/ Compenaatlng craft Recomnwndatlons

No. b. Next Higher Assy. Verlflcatlon Features Level
c. Spacecraft Crttlcallty

EPSAOI Solar cell Loss 01output Weld failure or a; Loss of enllre solar cell Telemetry Use redundant drcults 3 Solar array has 534
cell falfed open sfdng watt posllive power

b: Loss of redundancy
c None.

margin

EPSA02 SSU shunt & Shunt failed shori Part Iailure a: Loss of circuit (8 sklngs) Telemetry Use redundant drcults 3
power mod- or power module b: Loss of redundancy
ule failed shorf c None

EPSA03 Power slip Brush not in con- Brush dis- a: Lose sfip ring brush None Brushes are redundant 3
ring tacf with slip ring torted, broken, b: fess of redundancy

worn, move- C: None
menl

EPSA04 Return slip Brush not in con- Brush dis- a: Lose sllp rtng brush None Brushes are redundant 3
ring tact with slip ring torted, broken, b: Loss of redundancy

worn, move- c None
ment

EPSA05 Harness con- Loss of connec- Weld failure a: Lose 1 circuit power Tefemetry Use redundant drcults 3
neclions tion b: Loss of redundancy

c: None

EPSA06 SA Mast Longerons deform Part failure a: Loss of fongeron or batfen
Longerons &

Telemetry None 1
or batten sepa- b: Loss of SA stiffness

Battens rates from Iafflce c: Loss of mission

EPS- SSU - EPC Loss Ofoutput Part failure a: Lose an SSU-EPC Telemetry Use redundant SSU - 3
Suol b Loss of redundancy EPc

c: None

EPS- SSU - Com- Loss OfOUtpUt Part faifure a: Lose an SSU command de- Tefemetry Use redundant SSU- 3

SU02 mand Decod- coder Command Decoder

er b: Loss of redundancy
c None

r



5 Failure Modes and Effects Analysis
~ EOS–AM Spacecraft MARTINMAFtlEITAASTROSPACE

.

Subsystem: Electrical Power Subassembly: Design Engineetlng: L. Palmleri/ Date: 7119193
A. Ferrara

Component Function: Systems Englneerlng: S. Carey Date: 7/19/93

Mlsslon Phase: Pre-operational and Opera- Reliabillty Englneerlng: W. Schweigert Date 7/19/93
Ilonal

Failur6 Item or Failure Mode Possible Failure Effects Method of Exlstlng 8pace- RemarkrJ and
Mode Function Ceuses a. Local or Subsystem Detectlonf Compensating craft Recommendatlona

No. b. Next Higher Asay. Verfflcatlon Featurea Levef
c. Spacecraft Crltfcallty

EPS- Ssu- vole Loss Of OUtpUt Part Iailure a: Loss 01 vole circuit Telemetry Use redundant voter 3
sNfo3 Circuit b: Loss of redundancy circuit

c None

EP- SAD step Jammed due to Lack of ltr- a: Motor shaft will not rotate SAD current None 1 Motor baarlngs
SADO1 ping motor bearing Iailure brlcallon or b Extremely low power gen- array posltlon P8=0.999124. De-

mefal fatigue eration capability sign fffe >5 years.
c: Loss of mission

EP- SAD har- Jammed due to Lack of lu- a: Array won’t track nun Telemetry None 1 Harrnonk Drfve
SAD02 monlc drfve bearfng failure or brfcatlon or b Extremely low power gen- baarfnge/gear

gear failure metal faligue eratlon capability Pa=O.998249
c Mission lost

EP- SAD shaft Jammed bearings Lack of krbrica- a: SAD shaft does not rotate Telemetry None 1 SAD shaft beertngs
SAD03 be?rings tlon or contami- bExtremely krw power genera- Pa. 0.99S249

nation tion
c Mission lost

EPADEO ADE - EPC Loan of output Part failure a: Lose ADE primary MS Telematry ADE ia Internally redun- 3
1 b Loss of redundancy dant

c None

EPADEO Stepping mo- Opan winding Excessive cur- s: Lose motor drfve primary Telemetry Use redundant step 3 Redundant wiring Is
2 tor winding rent or over winding pfng motor winding

stressed wire b: Loss of redundancy
on separate circuit

c None

EPADEO ADE - MDB Loss Of OUtpUt Part failure a: Lose ADE primary sfde Telemetry Use redundant side of 3
3 b Loss of redundancy ADE

c None

EPADEO ADE - RG Loss OfOUtf)ttt Part failure a: Loss of ADE primary aide Tefemetry Part of ADE Intemaf re. 3

4 circuit b Loss of redundancy dundancy
c None

r
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Failure Modes and Effects Analysis
EOS–AM Spacecraft

UJ

Subsystem: Electrical Power Subassembly: Design Engineering: L. Palmleri/ Date: 7/19/93
A. Ferrara

Component: Function: Systems Engineering: S. Carey Date 7/19/93

Mission Phase: Pre-operational and Opera- Reliability Engineering: W. Schweigert Date: 7119/93
tlonal

Failure Item or Failure Mode Possible Failure Effects Method of Exlstlng space. Remsrks and
Mode Function Causes a, Local or Subsystem Detectlortl Compensating craft Reoomrnendatlons

No. b. Next Higher Assy. Verlflcatlon Festures Level
c. Spacecraft Crltlcallty

EPADEO ADE - sale- Loss Ofoutput Part Iallure a: Loss of safe hold circuit Telemetry Use redundant circuit 3
5 hold circuit b: Loss of redundancy

c None

EPADEO ADE - EPC Loss OfOUtpUt Part failure a: Lose xstrap to backup EPC Telemetry Use redundant ckcuit 3
6 xslrap b: Loss of redundancy

c. None

EPP- PDU capacl- Loss OfOlltpUt Part Iallure a; Loss of ablllty to Illler bus Telemetry Redundant capacltorsl 3 There are 2 capacl-
DUO1 tor /fuse b: Loss of redundancy fuses tore perfuse. There Is

bank c None 04 for 61 redundancy
for each set of 2 ca-
pacltore and 1 fuse.

EPP- Slngle bus Bus shorted Parl failure a: Lose bus insulation layer Telemetry Bus wire Is double in- 3
DU02 Insulallon b: Loss of redundancy sulaled

c None

EPP- PDU mode Loss Ofoutput Part failure a: Lose a PDU mode controller Telemetry Use redundant PDU 3
DU03 controller b: Loss of redundancy mode controller

c: None

EPP- PDU mulll Loss of output Part falfure a: Lose a PDU multl phase Tefemetry Use redundant PDU 3
DU04 phase cfock clock multi phase dock

b: Loss of redundancy
c: None

EPP- PDU com- Loss of output Part failure a: Lose a PDU primary com- Telemehy Use redundant PDU 3
DU05 mand decod- mand decoder command decoder

er b: Loss of redundancy
c None

EPP- PDU com- Loss Of output Part failure a: Loss of primary command & Telemetry Use redundant PDU 3

DU06 mand & te- Iefemelry interface
Iemetry inter-

command & Iefemetry
b: LOSSof redundancy Interface

face c None

r



lure Modes and Effects Analysis
IS–AM Spacecraft MARTIN MARIETTA ASTRO SPACE

Design Engineering: L. Palmlerl/ Data 7 /19/93
h. Ferrara

Systems Engineering: S. Carey Date: 7/19/93

Wfbsystem: Eiectricai Power ISubassembly:

Component I Function:

Mission Phase: Pre-operational and Opera- Reiiabiiity Engineering: W. Schweigert
I
Date: 7/19/93

tional

Failure
Mode

No.

EPP-
DU07

EPP-
DU08

1
I

Falluro Etfeots
a. Local or Subsystem
b. Next Hlghor Aaay.

c. spacecraft

Method of
DetectIon/

Vertflcatlon

Exletlng
Compensating

Features

Remarks and
Reoomnwndatlona

Item or
Function

Failure Mode Poaeible
Cauaee &raft

Level
Crftlcallty

Loss OfOUtpUt Part Iallure relemetry 1 Each currant shuntNoneBus DC cur-
rent shunts

a: Loss of power to drcuils
b Loaa of non-redundant cir-
cuit
c Posstble loss of mlsslon

has redundant
leaves and mctun-
dant connections.

Use redundant current
shunts

Instrument
DC current
shunts

a: Loss of power to Instrument
b: Loss of redundancy
C none

Telemetry 3 Each current shunt
~has redundant
3eavea and radun-

~dant connections.

Loss OfOlllpUt Part Irdlure

Telemetry Use redundant POU
EPC

EPP-
DU09

PDU EPC Loss Ofoufpul Part failure a: Lose a PDU EPC.
b: Loss of redundancy
c None

a: Lose battery call
b: Loss of redundancy
c None

a: Lose battery cell
lx Loss 01 redundancy
c None

a: Lose battery cell
b: Loss of redundancy
c: None

a: Lose battery celf
b: Loss of redundancy
c None

a: Lose a ePM
b: Loss of redundancy
c None

Pos fo neg
electrode short

rEach battery can toler-
ate 1 battery cell fatted
open or ahotled

3

I

EP-
BATO1

Battery cell Shorted cell Telemefry

P08 or neg
plate open or
vessel rupfured

Part failure

Each battery can toler-
ate 1 battery cell failed
open or shorted

3 IEP-
BAT02

EP-
BAT03

EP-
BAT04

EPBPMO
1

Battery cell Open cell None

Each battery can toler-
ate f battery cell failed
open or shorted

3 IProvides battery by-
p.masprotection.

Diode failed ahori
or switch failure

TelemetryBattery cell
TABS circuit

Each battery can toler-
ate 1 battery cell failed
open or shorted

+

3

3 4 EPMs par battery

Cell not operating
in thermal range

Part failure TelemetryBattery cell
thermal con-
trol

Battery cell
pressure
monitor
(BPM)

Part failure Telemetry Use redundant BPMLoss OfoUtpUt
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Failure Modes and Effects Analysis
EOS-AM Spacecraft

Subsystem: Electrical Power Subassembly: Design Engineering: L. Palmieri/ Date: 7/19/93
A. Ferrara

2omponent: Function: Systems Engineering: S. Carey Date: 7/19/93

hlission Phase: Pre-operational and Opera- Reiiability Engineering: W. Schweigert Oats 7/19/93
Iionai

Failure Item or Failure Mode Possible Failure Effects Method of Exlstlng Spaca- Remarke and
Mode Function Causes a. Local or Subsystem DetectlorV Compensating craft Recomrnendatlone
No. b. Next Higher Assy. Verlflcatlon Festurea Level

c. Spacecraft Crltlcallty

EPBPCO Batlery pow- Loss OfOUtpIlt Part Iailure a: Lose a BPC Telemetry Use redundant BPC 3 4 for 3 BPC redun-
1 er condllion- b: Loss of redundancy dancy

er (BPC) c: None

EPSR02 SAD conkol Brush not in con- Brush dis- a: Lose slip ring bmsh None Brushes are redundant 3
A,Et,C slip tact wilh slip ring torted, broken, ~: ~o;eof redundancy
ring worn, move- :

menl

EPSR03 Serial 1/0 re- Brush not In con- Brush dis- a: Lose allp ring brush None Uae redundant Slip rkrg 3
turn slip ring tact with slip ring torted, broken, b: Loss of redundancy brush

worn, move- C: None
ment

EPSR04 Coarse Sun Brush not In con- Brush dls- a: Lose CSS slip rfng brush None Use redundant 811Pring 3
Sensor tact with allp ring torled, broken, b: Loss of redundancy brush
(CSS) & re- worn, move- C: None
turn slip ring ment

r
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; Failure Modes and Effects Analysis
~ EOS–AM Spacecraft
w MARTIN MARIETTA ASTRO SPACE

Subsystem: Propulsion Subassembly: Design Engineering: L. Rattenni Date 7/19/93

Component: Function: Systems Engineering: S. Carey Data 7/19/93

Mission Phase: Pre-operationai and Reiiabiiity Engineering: W. Schweigert Date: 7/19/93
Operational

Failure Item or Failure Mode Possible Failure Effects Method of Exlstlng aplioe Remarks and
Mode Function Causes a. Locaf or Subaystam DetectlorV Companaatlng craft Recommendatlona

No. b. Next Higher Asay. Varlficatlon Features Levef
c. Spacecraft Crftfcaflty

PRPTOI Propellant Loss of N2H4 pro- Weld failure a: Loss of necessary N2H4 Leakage Is de- None 1 Tank Iaakage Is ex-
Iank pellant propellant for thruster maneu- tected by unan- fremely unllkety due

vers. Iicipated pres- to extensive pre-
b: nla sure drop not flight testing, quallfi-
C: Loss of mission due to tempera- cation and design

ture change or analysis.
propellant usa.

PRPT02 Propellant Failure to maintain Short ckcult a: Unable to use propellant Telemetry Redundant heaters 3
tank heaters required tempora- from tank If temperature Is be-

ture low freezing
b: Inabitity to access propellant
In lank and reduction In mission
life
c Loss of redundancy

PRSVO1 Service Leakage of N2H4 Poor “o”’ring a: Possible leakage of propel- None Redundant seals In 3 TWo separate fatl-
valves seating, poor Iant fhrough 1 of 3 redundant each valve ures would have to

cap sealing ln- seals. occur befora there
terface or inter- b nla wae a loss of propel-
nal valve fail- c Loss of redundancy. Iant from the system.
ure

PRFLO1 Fuel Ilnes Loss of propellant Leak or rupture a: Loss of propellant Telemetry Nona 1 Fuel Ilne teakage or
of fuel lines b: nla mpture is extremaly

c Loss of mlsslon life. unlikety due to ex-
tensive pro-flight
testing, qualification
and design anaiysls.

PRFL02 Line heaters Loss of propellant Short circuit a: Inability to Usa all or some Inability to time Redundant line heaters 3
due to down- Ihrusters thrusters or ac-
sfream of cold bmla cess propellant
point c: Loss of redundancy

r



Failure Modes and Effects Analysis
EOS–AM Spacecraft MARTfN MARIEITA ASTRO SPACE

Subsystem: Propulsion Subassembly: Design Engineering: L, Rattennl Date: 7119193

Component: Function: Systems Englneerlng: S. Carey Date: 7/19/93

Mlsslon Phase: Pre-operational and Rellabllity Engineering: W. Schwelgert Date: 7/19/93
C)perational

Failure Item or Failure Mode Possible Failure Effects Method of Exlatlng Space- Remarks and
Mode Function Causes a. Local or $ubeystem DetectIon/ Compensating craft Recommendations

No. b. Next Higher Army. Verlflcatlon Features Level
c. Spacecraft Crltlcallt y

JRFFO1 Fuel Iillers Loss of propellant Clogged Iiller a: Complele or partial loss of No maneuver Use the redundant half 3 Filter contamination
supply to lhrust- propellant to one side of thrust- following thrust- system of thrusters Is extremely unllkefy
ers. ers. er activation due to design analy-

b: nla SISand deanllness
c: Loss of redundancy procedures.

Df3FF132 Fuel fillers Loss of propellant Exlernal leak- a: Complete or parflal loss of No maneuver Filter analyzed for 1 External feakage of
suppiy to thrusters age due to propellant to thrusters following thrust- worat case condition. the fifter is extremely

weld failure b: nla er activation unlikely due to de
c Loss of mission life sign analysis, qualltf-

catlon and pre-flight
testing

PRLVO1 Latch valve Failure to open or Mechanical a: Loss of abfllty 10 isolate pro- Telemetry Valve normally opened 3
close or external failure pellant tank from one half of and cfosed after thmst-
Ieakage fhrusters. er failure

b: nla
c Loss of redundancy

PRREAO 1 IBF REA Loss of REA Part faiiure a: REA is unable to supply the Unantlclpated Redundant thmsters 3
1 thrust capability necessary thrust capability for changes or lack

Spacecraft maneuvers. of change to
b nla Spacecraft
c Unable to perform requked orientation
maneuvers using failed thrust-
er. Use alternate thmster. If
leakage occurs, close haff sys-
tem latch valve and only use
other half system.

r



5 Failure Modes and Effects Analysis
~ EOS-AM Spacecraft MARTIN MARIEITA ASTRO SPACE

-1
&

Subsystem: Propulsion Subassembly: Design Engineering: L. RattennI Data 7119193

component: Function: Systems Engineering: S. Carey Datw 7/19/93

Mission Phase: Pre-operational and Reliability Englneerlng: W.Schwelgert Date 7/19/93
Operational

Failure Item or Failure Mode Possible Failure Effects Method of Exlstlrrg Spao+ Remarks and
Mode Function Cauaea a. Local or 8ubsyetem Datectlonl corl#ay;:fng craft Recommendatlona

No. b. Next Higher Aaay. Varfflcatlon Levaf
c. Spacecraft Crftioallty

— — —
PRREAO 5 IBF REA Loss of REA Part Iallure a: REA la unable to 8ufIply the Unantlclpated Redundant thrusters 3
2 thrust capability necessary threat capability for changes or lack

Spacecraft maneuvers. of change to
b: n/a Spacecraft
c Unable to perform requked orientation
maneuvers using fallad thrust-
er. Use alternate thruster. If
ieakage occurs, close half sys-
tem latch valve and only use
other half system.

PMTCO1 Thermal con- Loss of ability 10 Part failure a: Loss of ability to heat com- Telemetry There are redundant 3
trol (Tanks, maintain compo- ponents thermal control func-
Iinea, nent temperatures b: rda tions
REAs,PMEA above the freezing
)

c Loss of redundancy
point

PMPTO1 Pressure Loss of N2H4 pro- Part failure a: Loss of ability to monitor the Telemetry Use other methods of 3
Transducer pellant pressure N2H4 propeffant pressure. determining propellant

monitoring b: nla quantify.
c Possible Inabffify to deter-
mine propellant quantity re-
maining.

r



Failure Modes and Effects
EOS–AM Spacecraft

Analysis
MARTIN MARIEllA ASTRO SPACE

Subsystem: Propulsion Subassembly: Electrical Assembly Design Engineering: L. Rattenni Dattx 7/19/93

Component Function: Systems Engineering: S. Carey Date: 71~9193

Mlsslon Phase: Pre-operational and Opera- Reliability Engineering: W. Schwelgert Date: 7/19/93
Iional

Failure Item or Failure Mode Possible Failure Effects Mathod of Exlstlng Spaca- Remerke and

Mode Function Causes a, Local or Subeystem Detectlorrl Compermatlng craft Racommandatlone

No. b. Next Higher Assy. Verlflcatlon Features Level
c. Spacecraft Crltlcallty

PRPMEO PMEA Loss of the ability Parl failure a: Loss 01 ability to command Telemelry There are redundant 3

1. to command thrusters. PMEAs

thrusters and oth- b nla
er PM compo-
nents. Loss of c Loss of redundancy

thruster and
PMEA telemetry.

PRPMEO EPC Loss of abilify to Part failure a: Loss of power to PM compo- Telemetry There are redundant 3

2 120V128V provide power 10 nents EPCS

PM components b: nla
c Loss of redundancy

r
.
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~ Failure Modes and Effects Analysis
~ EOS–AM Spacecraftw MARTIN MARIETTA ASTRO SPACE

)eslgn Engineering: M. Roza Datf%7/19/93

;ystems Engineering: S. Carey Date: 7/19/93

reliability Engineering: W. Schwelgert Datw 7/19/93

;ubsystem: C & DH Subassembly:

>omponent I Function:
1

vlisslon Phase: Pre-operatlonal
I
1

—

Failure
Mode

No.

;DSCCO

+

spacer- Rwrrarks and
craft Raoommarrdatlons
Level

>rltlcallty

Method of
Detectlortl

Veriflcatlon

Exlstlng
Compensating

Features

Item or
Function

Failure Mode Possible
Causea

Failure Effects
a. Local or Subayatem
b. Next Higher Assy,

c. Spacecraft
I

Partfailure I a: Unable to rxovlde ancillary Telemetry- Jse redundant SCCLoss of ancllla~
~ata data. “

b: tia
c Loss 01 redundancy.

TLoss of upllnk
data routing

relemetry Use redundant CTIU>DCTIO1

2DCTI02

ODCDIO
3

CTIU Part failure a: Unable to process com-
mands or route data.
b nla
c Loss of redundancy.

a: Unable to downlirrk data.
b: nla
c Loss 01 redundancy.

Use redundant CTIUPart failure relemetryCTIU Loss of down iink
data collection

Use redundant CTfULoss of command
distribution for the
Scc

Part failure a: Unable to process stored
commands.
b: nla
c Loss of redundancy.

a: Unable to provide timed
data.
b: nla
c Loss of redundancy.

CTIU

r
relemetryLoss of time gen-

eration and syn-
chronization

3

3

3

3

Use redundant CTIUCDCDIO
3

CDBDUO
1

CTIU Part failure

Telemetry The BDU Is Internally
redundant

Loss of command
execution

Part failure a: Unable to deliver command
to component.
b nla
c Loas of redundancy.

BDU -
Housekeep
ing

TeiemetryBDU -
Housekeep
ing

Loss of telemetry
gathering capabili-
ty

The BDU is internafiy
redundant

Part failure a: Unable to provide teiemetry
input.
b: nla
c Loss of redundancy.

Part failure a: Unable to deliver command
to component.
b; da
c LOSSof redundancy.

CDBDUO
2

The BDU is internally
redundant

BDU - Pro-
pulsion Mod

TeiemetryLoss of command
execution

CDBDUO
3



Failure Modes and Effects Analysis
EOS-AM Spacecraft MARTIN MARIEITA ASTRO SPACE

Subsystem: C & DH Subassembly: Design Engineering: M. Roza Date: 7/19/93

Component Function: Systems Engineering: S. Carey Dattx 7119193

Mission Phase: Pre-operational Reliability Engineering: W. Schweigert Datw 7/19/93

Fallum Item or Failure Mode Possible Failure Effects Method of Exlstlng 9pace- Rernerka and
Mode Function Causes a. Looal or Subsyetem DetectlorV Cornpensatlng craft Recommendatlone

No. b. Next Higher Aaay. Verification Featurea Level
c. Spacecraft Crttlcallty

CDBDUO BDU - Pro- Loss of telemetry Part Iallure a: Unable to provide telemetry Telemetry The BDU Is Internally 3
4 pulslon Mod gatherlngcapablll- krput. redundant

ty b: nla
c: Loss of redundancy.

CDBDUO BDU - LOS!Jof command Part Iallure a: Unable to deliver command Telemetry The BDU Is Internally 3
5 Instrument execution to component. redundant

b: nla
c: Loss of redundancy.

cDBDUO BDU - Loss of lelemet~ Parl Iailure a: Unable 10provide telemetry Telemetry The BDU is Internally 3

5 Instrument gathering capabill- Input. redundant
Iy b nla

c: Loss of redundancy.

CDSFEO SFE Loss of the ability Part failure a: Unable to receive data and Telemetry The SFE la Internally 3

1 to receive and provide output. redundant.
route data b: nla
streams c Loss of redundancy.

CDSFEO SFE Loss of the ability Part failure a: Unable to send data to Telemetry The SFE Is Internally 3

2 to route data ground. redundant.
streams to the ap b: nla
propriate destina- c Loss ot redundancy.
lion

CDSSRO SSR Loss of ability to Part failure a: Loss of some housekeeping Telemetry The SSR is internally 3 Not required to oper-

1 store housekeep telemetry. redundant
ing telemetry

ate durtng this mls-
b: nla sion phase. No scl-
c Loss of redundancy. ence data Is belrrg

Colleded.

CDSSRO SSR Loss of the abiiity Part failure a: Unable to send science Telemetry The SSR is internally 3

2 to store science data, non-real time.
Not required to oper-

redundant.

data
ate during this mls-

b: nla slon phase. No scl-
c Loss of redundancy. ence data Is being

collected.

r



; Failure Modes and Effects Analysis
; EOS–AM Spacecraftw MARTIN MARIEITA ASTRO SPACE

Subsystem: C & DH Subassembly:

Component: Function:

Design Englneerlng: M. Roza late 7119193

Systems Engineering: S. Carey )ate:7/19/93

MissIon Phase: Operational RellabllltyEngineering: W. Schwelgert )atw 7/19193

Failure Mode Poaalble
Causes

Failure Effeeta
8. Local or Subsystem

b. Next Higher Assy.
c. Spacecmft

Method of
DetectIon/

Varlflcatlon

Exlstlng
Cornpensatlng

Featurea

Space.
craft
Level

Crltlcallty

Remarks and
hcomrnandatlons

Fallura
Mode
No.

Item or
Function

CDSCCO
1

Scc Loss 01 ancillary
data

Part failure N Unable 10provide andllary Telemetry Jse redundant SCC 3
~ata.
x rr/a
x Loss of redundancy.

N Unable to process com-
mands or route data.
b nla
v Loss of redundancy.

Part Iallure Telemetry Uae redundant CTIU 3
cco CDCTIOI CTIU Loss of uplink

data routing

Uae redundant CTIU 3CDCTI02 CTIU Loss of down link
data collecflon

Loss of command
dlstrfbullon for the
Scc

Loss of time gen-
eration and syn-
chronization

a: Unable to downlink data,
b nla
E Loss of redundancy.

TelemetryPart failure

TelemetryPart failure a: Unabfe to process stored
commands,
b rr/a
c Loss of redundancy,

Uae redundant CTfU 3CDCDIO
3

CTIU

CDCDIO
3

Part failure Uae redundant CTIU 3CTIU a: Unable to provfde timed
data.
b: nla
c Loss of redundancy.

a: Unable 10dellver command
to component.
b nla
c Loss of redundancy.

Part falfure TelemetryCDeDUO
1

3Loss of command
execution

The BDU Is Intemaffy
redundant

BDU -
Housekeep
ing

The BDU is Intemaffy
redundant

3BDU -
Housekeep
ing

Loss of telemetry
gathering capabili-
fy

a: Unable to provide telemetry
input.
b: nla
c Loss of redundancy.

a: Unable to deffver command
to component.
b: n/a
c: Loss of redundancy.

TelemetryCDBDUO
2

Part failure

Part faifure TefemetryBDU - Pr*
pufsion Mod

The BDU is intemafly
redundant

3CDBDUO
3

Loss of command
execution



Failure Modes and Effects Analysis
EOS–AM Spacecraft MARTIN MARIEITA ASTRO SPACE

Subsystem: C & DH Subassembly: Design Engineering: M. Roza Date 7/19/93

Component: Function: Systems Engineering: S. Carey Data 7/19/93

Mission Phase: Operational Rellablllty Engineering: W. Schwelgert Date: 7/19/93

Failure Item or Failure Mode Possible Failure Effects Method of Exlstlng spaoe- Remsrks and
Mode Function Causes a. Local or Subayatem Datectlon/ Compensating craft Recommendations

No. b. Next Higher Asay. Verlflcatlon Featurea Level
c. Spacecraft Crltlcallty

CDBDUO BDU - Pro- Loss of Ielemehy Parl failure a: Unable to provide telemetry Telemetry The BDU Is Internally 3
4 pulsiorr Mod gathering capabili- krpul.

ty
redundant

b: nla
c Loss of redundancy.

CDBDUO BDU - Loss of command Part failure a: Unable to delfver command Telemetry The f3f3U Is Internally 3
5 Instrument execution 10component. redundant

b: nla
c: Loss of redundancy.

CDBDUO BDU - Loss of telemetry Part failure a: Unabfe to provide telemetry Telemetry The BDU Is internally 3
5 Instrument galherlngcapablli- inpul. redundant

Iy b: nla
c: Loss of redundancy.

CDSFEO SFE Loss of the ability Par! failure a: Unabfe 10receive data and Telemetry The SFE Is Internally 3

i 10 receive and provide output, redundant.
roule dala b: nla
skeams c Loss of redundancy.

CDSFEO SFE Loss of the ability Part failure a: Unable to send data to Tefemetry The SFE Is internally 3

2 to roule data ground. redundant.
streams 10 the ap b: rrla
propriate desfina- c Loss of redundancy.
lion

CDSSRO SSR Loss of ability to Part failure a: Loss of some housekeeping Tefemetry The SSR Is Intemafly 3

1 store housekeep telemetry. redundant
Ing telemefry b: nla

c Loss of redundancy.

CDSSRO sSR Loss of the ability Part failure a: Unabfe to send scfence Telemetry The SSR Is Internally 3

2 to store science data, non-real time. redundant.

data b: nla
c Loss of redundancy.

f’
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APPENDIX Iv

40 COMMUNICATIONS SUBSYSTEM (COMMS) FMEA

DCC072193



H Failure Modes and Effects Analysis
o

~ EOS–AM Spacecraft

Subsystem: Communications Subassembly: Design Engineering: T. Milbourne Date: 7/19/93

Component Function: Systems Engineering: S. Carey Date: 7/19/93

Mission Phase: Pre-operational Reliability Engineering: W. Schwelgert Date: 7119193

Fallur@ Item or Failure Mode Possible Failure Effects Method of Exlstlng space- Remerfw and
Mode Function Causes a. Local or Subsyetem DetectlorV Compensating craft Reoomrnendatlone

No, b. Next Higher Assy. Verlflcatlon Feeturea Level
c. Spacecraft Crttfcaflty

CMHGA HGA

CMHGA Anlenna Loss of signals Loss of feed a: Loss of the capability to Telemetry The DAS can be used 3 This equipment Is re-
01 components assembly, filter, Iransmlt and receive prlmay for science back-up. quired to operate af-

polarlzer, re- signals. The omnl antennas for ter the HGA deploys.
flecfor, TWTA b: nla command and teleme-
select swifch c: Loss of primary path for fry, and navigation.

Iransmittlng science data and
receiving commands and trans-
mitting telemetry.

CMHGA Gimbal drive Loss of polnlkrg Gear or bear- a: Loss of lhe capability to Telemetry The DAS can be used 3 This equfpment fe re-
02 capability. Ing failure. stear the HGA. for aclence back-up.

Gimbal locking b: nla
quired to operate af-

The omnl antennas for ter the HGA deploys.
pin or mechanl- C: Loss of controlled steering command and teleme-
cal hard slop and pointing capability of the try, and navigation.
failure HGA.

CMHGA Ku upcon- Loss of output Part failure a: Loss of the capability to am- Telemetry Redundant upconverter 3 This equipment la

03 verler plify transmitted science data. not required fo oper-
b: nla ate for this mlsslon
c Loss of redundancy. phase.

CMHGA Ku upcon- Loss of IF or LO IF or LO swlfch a: Loss of fhe capability to am- Telemetry The DAS can be used 3 This equipment la

04 verier signals failure pllly transmitted science data. for science back-up. nof required to oper-
b: nla The omni antennas for ate for this mission
c Loss of redundancy. command and teleme- phase.

try, and navigation.

CMHGA Transmiller Loss Of output Part failure a: Loss of the capability to am- Telemetry Redundant transmitter 3 This equipment ts

05 plify transmitted science data. not required to oper-
b n/a ate for this mlsslon
c Loss of redundancy. phase.

CMHGA Mofor wkrd- Loss of HGA drive Motor winding a: Loss of ability to drfve the Telemetry Redundant motor wlnd- 3 This equipment Is re-

08 lngs capability. failure, open. HGA. Ings.
b nla

qulred to operate af-
ter the HGA depfoya.

c Loss of redundancy.

r



Failure Modes and Effects Analysis
EOS–AM Spacecraft MARTIN MARIEITA ASTRO SPACE

.

Subsystem: Communications Subassembly: Design Engineering: T. Milbourne Datw 7/19/93

Component: Function: Systems Engineering: S. Carey Dat8 7/19/93

Mission Phase: Pre-operational Reliability Engineering: W. Schwelgert Date: 7/19/93

Failure Item or Failure Mode Possible Failure Effecte Method Of Exlstlng Spat* Remarks and
Mode Function Causes a. Local or Subsystem DetectIon/ Compensating craft Rasommsndstlons

No. b. Next Higher Assy. Verlflcallon Features Level
c. Spacecraft Crltlcdlty

CMHGA Antenna con- Loss of HGA drive EC, MDA fall- a: Loss of ablllty to steer HGA. Telemetry Redundant antenna 3 This equipment Is re-
07 Irol eleclron- control ure b nla control electronics quired to operate af-

Ics c: Loss of redundancy ter the H(3A deploys.

CMMOD KSA modula- Loss of oulpuf Part failure a: Loss of coding and modula- Telemetry Redundant modulators. 3 This equipment la

Ot tor tion functions for the science
dais.

not required to oper-
ate for this mlsslon

b: nla phase.
c Loss of redundancy

CMMOO 1 Master oscil- Loss of output Parl failure a: Loss of clock signal to S/C Telemehy Redundant master os- 3
Iator Bus dilators.

b: nla
c Loss of redundancy.

CMSBTO S-Band Loss of output Parf failure a: Loss of the capabllify to Telemetry Redundant transpond- 3 Separafe connectors

1 transponder transmit and receive TDRSS era.
SSA and MA signala. Also loss

are provided to con-
nect RX!f7Xl and

of STDN slgnafs. RX2~X2 to the
b: nla SBIU to ensure
c: Loss of redundancy. there are no single

point failures.

CMSBO t SBIU omnil Loss of outpuf Switch failure a: Loss 01 the capability to Telemetry Redundant transpond- 3
HGA select transmit TDRSS SSA and MA era.
coax swllch signals. Also loss of STDN sig-

nals
b; nla
c: Loss of redundancy.

CMSB02 SBIU Zenith/ Loss OfOUtpUt Switch failure a: Loss of the capability to Telemetry
Nadir switch

The HGA Is the primary 3
transmit TDRSS SSA signals. route for the slgnala,
b: nla
c Loss of redundancy,

r



8 Failure Modes and Effects Analysis
~ EOS–AM Spacecraft MARTIN MARIETTA ASTRO SPACE

Subsystem: Communications Subassembly: Design Engineering: T. Miibourne Date: 7/19/93

Component: Function: Systems Engineering: S. Carey Date: 7119/93

Mission Phase: Pre-operational Reliability Engineering: W. Schweigert Date: 7/19/93
{

Failure Item or Failure Mode Possible Falfure Effeots Method of Exlstlng
Mode

Space- Ftemerke and
Function Causes a. Local or Subsystem DetectIon/ Compensating

No.
craft Raoommend.atfone

b. Next Hfgher Aesy. Verlflcatfon Featurea Levef
c. Spacecraft Crttfcaflty

CMSB03 SEIU HGA Loss OfOUtpUf Swifch faifure a: Loss of capablllfy to trans- Telemefry The HGA Is the primary 3
polarization mlt TDRSS SSA and MA slg- route for the signals.
swifch nals. Afso fess of STDN signafs

b nla
c Loss 01 redundancy.

CMSB04 SBIU omnl Loss OfOUtpUt Diplexer failure a: Loss of signals toflrom one Tefemetry Redundant signal 3
antenna di- omnl antenna. patha.
pfexer b: n/a

c Loss of redundancy.

CMSB05 SBIU HGA Loss of oulput Diplexer failure a: Loss of slgnafs tolfrom one Telemetry Redundant signaf
dlplexer

3
HGA pofarlzatlon paths.
b nla
c Loss of redundancy

CMSB06 SBIU coupler Loas of output Coupler failure a: Loss of receive signals to Tefemetry Redundant algnaf paths 3
one transponder.
b: nla
c Loss of redundancy

CMANTO Omnl anten- Loss of signals Connector fall- a: Loss of coverage for TDRSS Telemetry Redundant algnaf paths 3
1 na ure or GN command recepflon and

tefemetry transmission
b nla
c: Loss of redundancy

CMDASO DAS modula- Loss of output Part failure a: Loss of coding and modufa- Telemelry Redundant nrodufatore 3 Thla equipment la
1 tor tlon functions for science data

b nla
not required to oper-
ate for this mlsskrn

c Loss of redundancy phase.

r



Failure Modes and Effects Analysis
EOS–AM Spacecraft MARTIN MARIEllA ASTRO SPACE

Subsystem: Communications I Subassembly: Design Engineering: T. Milbourne Date: 7/19/93

Component: Function: Systems Engineering: S. Carey Date: 7/19/93

Mission Phase: Pre-operational Rellabllity En Ilneering: W. Schwelgert Date: 7/19/93

Method of
Detectlord

Verlflcatlon

Exlstlng
Compensating

Features

Remarks and
Reoommendatlone

Fallura
Mode

No.

CMDASO
2

Item or
Function

Failure Mode Possible
Causes

Failure Effect8
a. Local or Subsystem

b. Next Higher Aesy.
c. Spacecraft

a: Loss of the capability to up
convert the DAS modulafor
output to the transmit frequen-
cy.
b: nla
c: Loss of redundancy.

a: Loss ot the ability fo transmit
DAS signals.
b nla
c: Loss ot redundancy.

Space-
craft
Levet

Crftlcaflty

Loss Oi OUtpUt Part Iailure Telemetry Redundant upcorwerter lhls equipment IsDAS upcon-
vorfor not required to oper-

Me for this mission
phase.

DAS trans-
mitter

Loss OtOUtpUt TelemetryCMDASO
3

Part failure Redundant transmit-
ters.

This equipment Is
not required to oper-
ate for this mlsslon
phase.

Switch failureDAS WG
switch

Loss OfOUtpUt a: Loss of DAS science data
b nla
c: Loss of redundancy

Telemetry None Tfrfa equipment ts
not required to oper-
ate for this mlsslon
phase.

This equipment Is
not required to oper-
ate for this mission
phase.

CMDASO
4

CMDASO
5

r
NoneDAS filter Loss ot output Part tailure a: Loss of DAS sclenca data

b; nla
c Loss of redundancy

3

DAS X-Band
antenna

Loss of oulput a: Loss of DAS science data
b: nla
c Loss of redundancy

Telemetry None 3 This equipment Is
not required 10oper-
ate for this mlsslon
phase.

CMDASO
6

Connector fail-
ure

Part failure a: Loss of ability to recetve
commands from the omnl an-
tenna or the HGA.
b nla
c Loss of redundancy.

3CMSB07 3dB hybrid
for omnl ants
and HGA

Loss of output Telemetry None The system design
can tolerate the loss
of the omnl antenna
hybrtd before fhe
HQA b deployed.
The HGA deploy-
ment wIII be Inltlated
via a stored com-
mand.



~ Failure Modes and Effects Analysis
~ EOS-AM Spacecraftm MARTIN MARIETTA ASTRO SPACE

Subsystem: Communications I Subassembly: Design Engineering: T. Milboume Date: 7/19/93

Date 7/19/93

Date: 7119193

Component: Function: Systems Englneerlftg: S. Carey

Reliability Engineering: W. SchwefgertMission Phase: Operational

Failure
Mode

No.

—
CMHGA

Item or
Function

Failure Mode Possible
Causes

Failure Effects
a, Local or Subsystem
b. Next Higher Assy.

c. Spacecraft

Method of
Deteotlon/

Verlflcatlon

Exlstlng
Cornpensatlng

Festures

Space-
craft
Level

>rltlcatlty

Ftemstke and
Reoommendatlons

HGA

Loss 01 signals a: Loss 01 the capability to
transmit and receive prlmaw
signals.
b: nta
c: Loss of primary path for
transmitting science data and
recelvlrrg commands and trans-
mitting [elemetry.

CMHGA
01

Anlenna
components

Loss of Iced
assembly, Nter,
polarlzer, re-
flector, TWTA
select switch

relemetry The DAS can be used
for science back-up,
The omni antennas for
command and teleme-
try, and navigation.

The loss of the HGA
willrequire additional
SSA contact through
Ihe omnl antennas.

00
00

Gear or bear-
ing failure.
Gimbal Iocklng
pln or mechani-
cal hard slop
fa}lure

Par! failure

retemetry The DAS can be used
for science back-up.
The omrrl antennas for
command and tetema-
try, and navigation.

CMHGA
02

Gimbal drive Loss of polntlng
capability.

a: Loss of the capability to
steer the HGA.
b n/a
c: Loss of controlled steerfng
and pointing capability of the
HGA,

a: Loss of the capability to am-
plify transmitted science data.
b: nla
c Loss of redundancy.

The loss of the HGA
will require additional
SSA contact through
the omnl antennas.

rrelemetryCMHGA
03

CMHGA
04

Ku upcon-
verter

Loss Ofoutplrf Redundant upcorrverter 3

Ku u~on-
verfer

Loss 01 IF or LO
signals

IF or LO switch
failure

The DAS can be used
for ecience back-up.
The omni antennas for
command and teleme-
try, and navtgatlon.

3a: Loss of the capability to am-
plify transmitted sclencs data.
b: nla
c Loss of redundancy.

Transmitter Loss Ofoutput a: Loss 01 the capability to am-
plify transmitted science data.
b: nla
c Loss of redundancy.

a: Loss of ability to drive the
HGA.
b: nla
c: Loss of redundancy.

Telemetry Redundant transmitter 3GMHGA
05

CMHGA
06

Part failure

TelemetryMotor wlnd-
Irrgs

Loss of HGA drive
capability.

Motor winding
failure, open.

Redundant motor wlrrd-
ings.



Failure Modes and Effects Analysis
EOS–AM Spacecraft

Subsystem: Communications Subassembly: Design Engineering: T. Miiboume Dattx 7/19/93

Component: Function: Systems Engineering: S. Carey Datcx7/19/93

Mission Phase: Operational Reliability Engineering: W. Schweigert Date 7/19/93

Failure Item or Failure Mode Possible Failure Effects Method of Existing Spacs- Ramarks and
Mode Function Csuses a. Local or Subsystem Detectlord Compansatlng craft Reoommendatlons

No. b. Next Higher Assy. Verlflcatlon Featurea Level
c. Spacecraft Crlllcallty

CMHGA Antenna con- Loss of HGA drive EC, MDA lail- a: Loss of ability to steer HGA. Telemetry Redundant antenna 3
07 trol electron- control ure b: nla control electrorrlcs

Ics c Loss of redundancy

CMMOD KSA modula- Loss OfOUtpUt Parl Iailure a: Loss of coding and modula- Telemetry Redundant modulators. 3
01 tor tion functions for the science

data.
b: rrla
c Loss of redundancy

CMMOO t Master oscil- Loss OfOUtpUt Parl failure a: Loss of clock sfgnal to S/C Telemetry Redundant master oa- 3
Ialor Bus cillators.

b: nla
c Loss of redundancy.

CMSBTO S-Band Loss OfOUlpUt Parl failure a: Loss of the capability to Telemetry Redundant transpond- 3 Separate connectors
1 transponder transmit and receive TDRSS era. are provtded to car-

SSA and MA signals. Also loss rrect RXVTX1 and
of STDN signals. RX2~X2 to the
b: nla SBIU to ensure
c: Loss of redundancy. there are no single

point failures.

CMSBO 1 SBIU omnll Loss of output Switch failure a: Loss of the capability to Telemetry Redundant transpond- 3
HGA select transmit TDRSS SSA and MA era.
coax switch signals. Also loss of STDN sig-

nals
b: nla
c Loss of redundancy.

CMSB02 SBIU Zenilhl Loss OfOUtpUt Switch failure a: Loss of the capability to
Nadir switch

Telemetry The HGA Is the primary 3
transmit TDRSS SSA signals. route for the signals.
b: nla
c Loss of redundancy.

r



H Failure Modes and Effects Analysis
~ EOS–AM Spacecraftw MARTIN MARIEITA ASTRO SPACE

Subsystem: Communlcatlons Subassembly: Design Engineering: T. Miiboume Datfx 7119193

2omponent: Function: Systems Engineering: S. Carey Datw 7/19/93

Mission Phase: Operational Reliability Engineering: W. Schweigert Data 7/19/93
i

Failure Item or Failure Mode Posalbte Failure Effects Method of Exbtlng Spece- Remsrke end
Mode Function Causes a. Local or Subsyetem DetectIon/ Coirrperwatlng craft Resommendetlone
No. b. Next Higher Assy. Verlflcallon Featuree Level

c. Spacecraft Crttlcaflty
d

>MSB03 SBIU HGA Loss 0( OUtpUt Switch failure a: Loss of capability 10 lrans- Telemetry The HQA Is the primary 3
polarization mit TDRSS SSA and MA slg- route for the signals.
switch nals. Also loss of STDN signals

b nla
c Loss of redundancy.

2MSB04 SBIU omni Loss OfOUtpUt Dipbxer failure a: Loss 01 slgnala toflrom one Telemetry Redundant tilgrral
antenna dl-

3
omnl antenna. pafhs.

plexer b: nla
c Loss of redundancy.

3MSBOS SBIU HGA Loss OfOUtpUt Diplexer Iallure a: Loss of slgnala toflrom one Telemetry Redundant elgnal
diplexer

3
HGA polarizatbn patha.
b: nla
c Loss of redundancy

CMSB06 SBIU coupler Loss Of oulput Coupler failure a: Loss of receive signals to Telemetry Redundant signal paths 3
one transponder.
b nla
c Loss of redundancy

CMANTO Omnl anten- Loss of signals Connector lail- a: Loss of coverage for TDRSS Telemefry The HGA Is the plmary 3
t na ure or GN command reception and route for the elgnala.

felemetry transmission
b nla Redundant signal paths
c Loss of redundancy

CMDASO DAS modula- Loss Ofoutput Part failure a: Loss of coding and modula- Telemetry Redundant modulators 3
1 tor tlon functfons for science data

b: nla
c Loss of redundancy

CMDASO DAS upcon- Loss Ofoutput Part falfure a: Loss of capability to upcon- Telemetry Redundant upconverter 3
2 verfer verl DAS modulator output to

the transmit frequency.
b: nla
c Loss of redundancy.

1’



Failure Modes and Effects Analysis
EOS–AM Spacecraft MARTtN MARIEITA ASTRO SPACE

Subsystem: Communications Subassembl~ Design Engineering: T. Miibourne Date: 7119193

Component: Function: Systems Engineering: S. Carey Date: 7/19/93

Mission Phase: Operational Reiiabiiity Engineering: W. Schweigsrt Date: 7/19/93
-

Failure Item or Failure Mode Possible Failure Effects Method of Exlstlng space- Rernsrfm and
Mode Function C8uses a. Local or Subsystem Detect Ion/ Compensating craft Recommendations

No. b. Next Higher Assy. Verlflcatlon Features Level
c. Spacecraft Critlcallty

CMDASO DAS kans- Loss OfOUtpUt Part failuro a: Loss of ability 10 transmit Telemetry Redundant transmit- 3

3 miller DAS signals. Iers.
b: nla
c: Loss of redundancy.

CMDASO DAS WG Loss OfOUtpUl Switch Iailure a: Loss of DAS science data Telemetry None 3 The DAS Is not re-
4 switch b: rrla qulred for mission

c: Loss of redundancy success. The DAS
Is Included In the
rellablllty calcula-
tions as a backup fo
the Ku-Band Equfp-
ment.

CMDASO DAS Inter Loss Ofoutput Part failure a: Loss 01 DAS science data Telemetry None 3 The DAS is not re-

5 b: nla
c Loss of redundancy

quked for mlsslon
success. The DAS
Is included In fhe
reliability calcula-
tions as a backup to
the Ku-Band Equip-
ment.

CMDASO DAS X-Band Loss 0! output Connector fail- a: Loas of DAS science data Telemetry None 3

6 antenna

The DAS Is not re-
ure b: nla

c Loss of redundancy
quired for mlsslon
success. The DAS
Is included In the
reliability calcula-
tions as a backup to
the Ku-Band Equip-
ment.

CMSB07 3dB hybrid Loss Ofoutput Part failure a: Loss of ablllfy to receive Telemetry The HGA is the primary 3

for omni ants commands from the omnl an- route for the signals.

and HGA tenna or the HGA.
b: nla Redundant signal paths
c Loss of redundancy.

r
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APPENDIX v

50 GUIDANCE NAVIGATION& CONTROL SUBSYSTEM (GN&CS) FMEA

93 DCC072193



~ Failure Modes and Effects Analysis
; EOS–AM Spacecraftm

Subsystem: GN & C Subassembly: Design Engineering: C. Gay Datw 7/19/93

Component Function: Systems Engineering: S. Carey Dat6x7/19/93

Mission Phase: Pre-operational and Opera- Reliabillty Englrteerlng: W. Schwelgert Date 7119193
tlonal

Failure Item or Failure Mode Possible Failure Effects Method of Exfstlng space. Remarks and
Mode Function Causes a. Local or Subeystem DetectloW Compensating

No.
craft Recommendstfons

b. Next Higher Aesy. Verification Features Level
c. Spacecraft Crttlcallty

GNRWA Reaction Loss of reaction Parl Iallure a: Loss of the ability to gener- Telemetry The RWA has 4 for 3 3
D1 Wheel torques ate reaction forques. redundancy

b nla
c Loss of redundancy.

GNRWA Reaction Loss of tach Part Failure a: Loss of fhe ability to deter- Telemetry The RWA has 4 for 3 3 Redundant tach out-
02 Wheel pulses mine wheel speeds. redundancy and the

b: nla
puts available to the

ACE la redundant backup ACE
c Loss of redundancy

GNl- Inertial Ref- Loss of gyro Part failure or a: Loss of Spacecraft inertial Tetemelry The IRU has 3 for 2 3
RUO1 erence Unit channel gyro Iallure atlllude reference

b nla
gyro channel redundan-

W
c Loss of redundancy.

GNl- Inertial Ref- Loss of body rates Part Iailure or a: Loss of Spacecraft Inertial Telemetry The IRU has 3 for 2 3
RU02 erence Unit and delta angle gyro failure attifude reference gyro channel redurrcfan-

pulses b; nla v
c Loss of redundancy.

GNMTRO Magnetic Loss of magnetic Part failure a: Loss of the magnetic toques Telemetry The MTR haa redun- 3
1 Torquer Rod moment to remove angular momentum dant coils

stored In the RWAS.
b: nla
c Loss of redundancy

GNCSSO Coarse Sun Loss 0! outpul Part failure a: Loss of the ablllty to mea- Telemetry The CSS has redun- 3
1 Sensor sure the sun vector In the dant sensor units.

Spacecraft coordinates.
b: nla
c Loss of redundancy.

GNACEO Attitude Con- Loss of TAM flOW- Part failure a; Loss of TAM Telemetry The ACE Is redundant 3

1 trol Elecfron- er conditioning b: nla
ics c Loss of redundancy.

GNACEO Attitude Con- Loss Of RWA Part failure a: Loss of a RW Telemetry The RWA Is 4 for 3 re- 3

2 trol Eleckon- power conditlon- b: nla dundant

ics ing c: LOSSof redundancy

r



Failure Modes and Effects Analysis
EOS–AM Spacecraft

Subsystem: GN & C Subassembly: Design Engineering: C. Gay Date: 7119193

Component: Function: Systems Englneerhtg: S. Carey Date: 7/19/93

Mission Phase: Pre-operational and Opera- Reliability Engineering: W. Schwelgert Date: 7/19/93
tlonal

Failure Item or Failure Mode Possible Failure Effects Method of Exlstlng Spacs- Remsrks and
Mode Function Causes a. Local or Subsystem Deteclloti Compensating craft Recommandatlons
No. b. Next Higher Asay. Verlflcatlon Features Levef

c. Spacecraft Crltlcallty

GNACEO Atlilude Con- Loss 0! RWA Parl Iallure a: Loss of the ability to com- Telemetry The ACE Is redundant 3
3 Irol Elecfron- torque commands mand a RWA

Ics b nla
c: Loss of redundancy

GNACEO Attitude Con- Loss Of IRU Parl failure a: Loss of IRU data Telemetry The ACE Is redundant 3
4 trol Electron- tachomeler pulse b: n/a

Ics signal processing c Loss of redundancy
capability

GNACEO Attitude Con- Loss Of RWA Part failure a: Loss of RWA data Telemetry The ACE Is redundant 3
5 trol Electron- tachomcrter pulse b: nla

Ics signal processing c: Loss of redundancy
capability

GNACEO Atlilude Con- Loss of RWA con- Parl Ialh.rre a: Loss of RWA data Telemetry The ACE is redundant 3
6 trol Electron- trol signal proces- b: nla

ics sing capability c: Loss of redundancy

GNACEO Attitude Con- Loss of MTR drive Parl failure a: Loss of one MTR Telemetry The ACE Is redundant 3
7 trol Electron- capabilily b: nla

Ics c Loss of redundancy

GNACEO Atlitude Con- Loss of Safe Hold Part failure a: Loss of the ability to provide Telemetry The ACE Is redundant 3
8 Irol Electron- capabilily the Safe Hold capability for the

Ics Spacecraft
b: nla
c Loss of redundancy

GNACEO Attitude Con- Loss of thruster Part failure a: Loss of the ability to com- Telemetry The ACE Is redundant 3
trot Electron- commands

Only effects sAFE-
9 mand Ihe thrusters HOLD

ics b: nla
c Loss if redundancy

r



E Failure Modes and Effects Analysis
~ EOS–AM Spacecraftu MARTINMARIETTAASTROSPACE $jq

u

Wbsystem: GN & C Subassembly: Design Engineering: C. Gay Date: 7/19/93

>omponent: Function: Systems Engineering: S. Carey Date: 7/19/93

Mission Phase: Pre-operatlonal and Opera- Rellability Engineering: W. Schweigert Date: 7119193
:ional

*

Failure Item or Failure Mode Possible Failure Effects Method of Exletlng space- Remarke and
Mode Function Causes a. Local or Subsystem DetecIlorV Conrpenaatlng craft Recommendatlone

No. b. Next Higher Asay. Verlflcatlon Featurea Level
c, Spacecraft Crltlcallty

2NSST0 Solid State Loss 01 star posl- Part failure a: Loss of star position and star Telemetry There are redundant 3
I Star Tracker lion and magnl- magnitude data SSSTS. The FSS can

tude data b: nla also be used as back-
c Loss of redundancy up.

3NFSS0 Fine Sun Loss of sun vector Part Iallure a: Loss of sun vector data In Telemetry The FSS Is used as a 3
I Sensor data the Spacecraft Coordinates back-up to the SSSTS.

b: nla
c Loss of redundancy

3NTAM0 Three Axis Loss 01 output Part Iallure a: Loss ot output signals pro- Telemetry There are redundant 3
I Magnetoms portional to the ambient mag- TAMs.

ter netic field
b rrla
c Loss of redundancy.

GNE- Earth Sansor Loss 0[ OulpUt Part failure a: Loss of pitch and roll attitude Telemetry The ESA la redundant 3
SAO1 Assembly indications.

b nla
c Loss of redundancy

GNPSUO Power Loss Ofoutput Part faiiure a: Loss of the abiiity to supply Telemetry The PSU is redundant 3

1 Switching 28V to the GN&CS compo-
Unit nents

b: nla
c: Loss of redundancy

r
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~ Failure Modes and Effects Analysis
~ EOS-AM Spacecraft
w

Subsystem: Thermal Control I Subassembly: Design Engineering: D. Chaimers I Datw 7/19/93 I

~omponent: CPHTS Function: Systems Engineering: S. Carey Date: 7/19/93

Mission Phase: Pre-operationai and Opera- Reiiabiiity Engineering: W. Schweigert Data 7/19/93
:ionai

FallurKI Item or Failure Mode Poeslble Failure Effeots Method of Exletlng 8pace- Remerks and
Mode Function Causes a. Local or Subsystem DetectlorV Compensetlng craft Recommendations

Nom b. Next Higher Asey. Verfflcatlon Featurea Level
c. Spacecraft Crftlcalfty

rccpol Heat ptpe Fluld leak Weld failure a: Loss of heat pipe Temperature Te- Heat pipes are redun- 3
spreader b: rr/a Iemetry dant

c: Loss of redundancy

rccpo2 Heel pipe Fluid leak Weld Iallure a: Loss of fluid toop Temperature Te- Use secondary fluM 3
header b: nla Iemetry loop

c Loss of redundancy

rccpo3 Heat pipe Fluld leak Weld failure a: Loss of fluid loop Pressure switchl Use secondary fiukf 3
heat ex- b nla Temperature te- toop
changer c Loss of redundancy Iemetry

rccpo4 Non-con- Fluid leak Weld failure a: Loss of fluid loop Pressure swllchl Use secondary ffuld 3
densable gas b: nla Temperature te loop
trap c: Loss of redundancy Iemetry

rccPo5 Reservoir Fluid leak Weld failure a: Loss of Iluld loop Pressure swilchl Use secondary fluid 3
tr: nla Temperature te- Ioop
c Loss of redundancy Iemetry

TCCP06 Reservoir Loss OfOUtpUt Part failure a: Loss of healer assembly Temperature Te- Use redundant heater 3
heater as- h: rrla Iemetry
sembly c toss of redundancy

1
rccPo7 FilVdrafn Fluid leak Failed seals a: Loss of IIuld loop Pressure switctd Use secondary fluld 3

valve b: nla Temperature te- Ioop
c Loss of redundancy Iemefry

TCCP08 Transporl Fluid leak Weld failure a: Loss of fkrld loop Pressure switch] Use secondary loop 3
lines and Ilex b: nla Temperature te-
Iines c: Loss of redundancy Iemetry

TCCP09 Cold plate Fluid teak Weld failure a: Loss of fluid loop Pressure switchl Use secondary loop 3
capillary b: nla Temperature le-
pumps c: Loss of redundancy Iemetry

TCCP1O Cold plate Loss Ofoutput Part Iaih.rre a: Loss of heater assembly Temperature Te- Use redundant heater 3
heater as- h: rr/a Iernetry

Cold plate heaters

sembly
are survtval heaters

c LOSSof redundancy (1% duty cycle)

l“



Failure Modes and Effects Analysis
EOS-AM Spacecraft MARTINMARIETTAASTROSPACE

Subsystem: Thermal Control Subassembly: Design Engineering: D. Chalmers Datw 7119193

Component: EM Function: Systems Engineering: S. Carey Date: 7/19/93

Mission Phase: Pre-operational and Opera- Rellablllty Engineering: W. Schwelgert Date: 7119193
Ilonal

Falluro Item or Failure Mode Possible Falh.rre Effecte Method of Exlatlng Space- Remarke and
Moda Function Causea a. Local or Subsystam DetectlorV Compenaatlng craft Recommendations

No. b. Next Higher Asey. Verlflcatlon Faaturee Level
c. Spacecraft Crltlcallty

lCEMO1 Constant Reduced heat Weld Iallure a: Loss of CCHP Temperature Te- Can tolerate loss of one 3
conductance Iransport capablll- b: nla Iemetry heat pipe
heat pipes ty c: Loss of redundancy
(all)

TCEM02 Component Loss OfoUtput Part failure a: Loss of heater Temperature Te- Uae redundant heater 3
heater as- b nla Iemetry
sembly c: Loss of redundancy

r
.



~ Failure Modes and Effects Analysis
~ EOS–AM Spacecraftu MARTIN MARIEITA ASTRO SPACE

Subsystem: Thermal Control Subassembly: Design Engineering: D. Chalmers Dattx 7/19/93

Component: Miscellaneous Function: Systems Engineering: S. Carey Date: 7/19/93

Mission Phase: Pre-operationai and Opera- Reiiabiiity Engineering: W. Schweigert Data 7/19/93
Iional

Falh.rre Item or Failure Mode Possible Failure Effects Method of Exlstlng space Remarks and
Mode Function Causes s. Local or Subsystem DetectIon/ Compensating craft Racomrnandatlons

No. b. Next Higher Assy. Verlflcatlon Features Level
c. Spacecraft Crltlcallty

TCMISOI Mullilayer ln- Insulatlon be- Launch vibra- a: Possible loss of total lnsula- Temperature te- Multiple layera of ln- 3 1, There arc 15 lay-
sulatlon comes detached Ilon Ilon Iemetry sulatlon era of Insulation. The

b: nla system can tolerate
c Negligible effect to thermal the loss of some lay-
control of Spacecraft era.

2. There are multiple
tie downpoints.

TCMIS02 Silver teflon Tape becomes de- Contamlrratlon, a: Possible loss of bcal heat Temperature te- None 3 The loss of the ma-

tape Iached launch vlbra- reflectlon cspablllty. Iemetry Jorffyof the sltver te-
Iion b tia fbn tape woukf need

c Negligible effect to thermal to occur before there
control of Spacecraft. would be a signifi-

cant Impact to the
overall thermal corr-
trol of the Space-
craft. The probablltfy
of this occuning is
extremely unllkefy,
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ure Modes and Effects Analysis
3-AM Spacecraft

=====aDesign Engineering: J. Pelllccottl

Reliability Englneerlng: W. Schwelgert

Xfbsystern: SMS I Subassembly: HGA Deployment Date: 7/19/93

:omponenk I Function: Date: 7/19/93

vlisslon Phase: Pre-operational Date: 7/19/93

Failure
Mode
No.

Item or
Function

Possible
Cauaes

Method of
Detection/

Verlficatlon

Exlatlng
Compenaatlng

Features

Remarks and
Recommendations

Failure Effects
a. Locaf or Subsystem

b. Next Higher Aasy.
c. Spacecraft

Space.
craft
Level

Crltfcallty

Hinge As-
sembly

Negalor
Spring

Negator
Spring

Damper ‘

;MHGAO Material flaw or
weakness

Leaf break or frac-
ture

a: Slight spring output torque
reduction.
b: nla
C: Negligible effect

relemelry Multi-leaf sprfng. Re-
Wndant hinge spring.

3

SMHGAO
2

SMHGAO
3

Sprkrg breakage a: Spring detached from output
spring drum. Loss of torque
producing element.
b nla
c: Loss of redundancy

relemetry

Telemetry

qedundant hinge
;prkrg

3 Slower hinge cfepfoy-
ment

Overstressed
material or
fracture at
mounting holes

Damper binding Seized bear-
ings or other
mechanical
failure

a: Boom fails to rotafe to
deployed conflgurallon.
b Reduced hinge stiffness.
c Possfbfe loss of HGA point-
ing abflity.

a: Limited amount of
~fndlngwill be compen-
sated for by dual
sprtngs.
x The DAS can be
used for scfence back-
up. The omnl antennas
lorcommand, telemetry
nnd navigation.

3

3

Spacecraft maneu-
vers could beat-
tempfed to actfvate
latch mmhanlsm or
pofnt HGA In proper
dkectlon. r

Requiree Spacecraft
maneuvers to orfent
damper towarda the
eun.

Damper bindkrg a: Heaters do not operate to
decrease damping fluid vlscos-
Ity.
b: nla
c Delay In hinge deployment

Telemetry Damper can bed-
racted towards the sun,

Open fuse or
thermostat
connection in
heater circuit

Loss of damp-
ing fluid thru
Ieaklng seals
or mechanical
failure (vane,
etc.)

Little or no damp-
ing provided dur-
ing deployment

Telemetry The DAS can be usad
for science back-up.
The omnl antennas for
command, telemetry
and navigation.

;MHGAO
I

Damper a: Abnormally fast deployment
of inboard boom. Components
of HGA will experience lrr-
creased dynamic loading wllh
possible resulting damage.
b: nla
c Possible reduction In HGA
pointing capability.



Failure Modes and Effects Analysis
EOS–AM Spacecraft MARTIN MARIETTA ASTRO SPACE

Subsystem: SMS Subassembly: HGA Deployment Design Engineering: J. Peiliccotti Data 7/19/93

Component: Function: Systems Engineering: S. Carey Date: 7/19/93

Mission Phase: Pre-operationai Reiiabiiity Engineering: W. Schweigert Date: 7/19/93

Failure Item or Failure Mode Poeslble Failure Effects Method of Exlstlng
Mode

Space- Remarks and
Function Causes a. Local or Subsystem Detectlort/ Compensating

No.
craft Recommendations

b. Next Higher Aeay. Verlflcatlon Featurea Level
c. Spacecraft Crltlcallty

SMHGAO Hinge shaft Bearing seized Contamlnallon a: Boom Iails to extend 90° to Telemetry a: Limited amount of 3 Spacecraft maneu-
5 bearings or mechanical deployed configuration. seizkrg can be com- vere could be at-

Iallure b: nla pensated for by tha tempfed to shake
c: Effective HGA tracking Is dual sprfngs. hinge foose.
lost. b The DAS can be

used for science back-
up. The omnl anfennas
for command, Ielemetry
and navigation.

SMHGAO Hinge latch Latch pln shears Excessive de- a: Reduced hinge stiffness Telemetry The DAS can be used 3
6 pfoyment b: nla for science back-up.

speed/momen- C: Posslbfe reduction In pokrt- The omnl antennas for
turn ing accuracy command, telemetry

and navigation.

SMHGAO Hinge fine Potentiometer cir- open connec- a: Potentiometer Inoperaflve
7

Telemafry None 3 Loss of telemetry,
Potentiomm cult open tion or me- b: nla No effect on the
ter chanlcal failure c Loss of telemetry from po- hinge function.

of wiper tentiometer

SMHGAO Hinge Ilne Bearing seized Contamination a: Boom fails to extend 90° to Telemetry a: Limited amount of 3 Spacecraft maneu-
B potenfiome or mechanical deployed configuration. blndlng maybe over- vers could be at-

ter failure b: nla come by dual hinge tempted to shake
c Possible loss of HGA polnt- Splings. hinge loose.
krg capability b: The DAS can be

used for aclence back-
up. The omnl antennas
for command, telemetry
and navigation.

SMHGAO Enabfe, arm Relay failure to Refay faifure a: Loss of ability to fire pyro inl- Telemetry There are redundanf 3

9 and fire re- close tiator paths to fire the pyro
lays b nla initiators.

c: Loss of redundancy

SMHGA1 EMI filter EMI filter opens or Part failure a: Loss of ability to fire pyro lnl- Tefemetry There are redundant 3
0 shorts tiator pafhs fo fire the pyro

b: nla Initiators.
c Loss of redundancy

r



~ Failure Modes and Effects Analysis
; EOS-AM Spacecraftw —-.

MARTIN MARIETTA ASTRO SPACE $3

E

Subsystem: SMS Subassembly: HGA Deployment Design Engineering: J. Pelllccottl Date: 7/19/93

Component: Function: Systems Englneerlng: S. Carey Date 7/19/93

Mission Phase: Pre-operational Rellablllty Engineering: W. Schweigert Date: 7/19/93

Falhrre Item or Failure Mode Possible Falhn’e Effects Method of ExlsWrg space- Rernerks and
Mode Funcllon Causee a. Local or Subeystem Detectlonl Compeneatlng craft Fteoommendatlons

No. b. Next Higher Aeey. Verlflcatlon Featurea Lavel
c. Spacecraft Crftlcallty

-
SMHGA1 Miscella- Components tail Part failure a: Loss of ablllty to Ike pyro inl- Telemetry There are redundant 3
1 neous PRA open or shorted tlalor paths to fire the pyro

components b n/a Inltlators. I
c Loss of redundancy

SMHGA1 Pyro Inillator Pyro Inlllalor Iaikr Part failure a: Loss of one pyro Inltlator Telemetry There are redundant 3
2 to fire path paths to ffm the pym

b tia Inlttatora.
c Loss of redundancy

SMHGA1 Separation Separation nut Part failure a: Loss of the ablflfy to deploy Telemetry The DA8 can be used 3
3 Nuts falls to separate. the HGA for scfence back-up.

b nla The ornnf antennae for
c: Loss of HGA command, telemetry

and navigation.

r



Failure Modes and Effects Analysis
EOS–AM Spacecraft MARTINMARIETTAASTROSPACE

Subsystem: SMS Subassembly: SA Deployment Design Engineering: Sub (TRW) Date 7119193

Component: Mast/Canister As- Function: Systems Engineering: S. Carey Date 7/19/93
sembly

Mission Phase: Pre-operational Reliability Engineering: W. Schwelgert Data 7/19/93

Fallura Item or Failure Mode Possible Failure Effects Method of
Mode

Exlatlng t3pace- Remarka and
Function Causes a. Locaf or Subsystem Detectfon/ Compensating

No.
craft Recommandatlona

b. Next Higher Aaay. Verlflcatfon Featurea Levef
c. Spacecraft Crftfcallty

SMSAO 1 Fiberglass Longeron fails Part failure. a: Hung deployment and Ioas Telemetry None
Continuous

1 Material controls,
(breaks, deforms) of mast stlffnesa proof teaflng and da-

Collable Lon- b: SAA deployment failure ployment testfng.
gerons c Possible loss of mission

SMSA02 Diagonal fac- Separallon Irom Part failure a: Free cable end could hang Telemetry
Ing

None 1
lattice up the rotaflng mechanism

b: Incomplete SAA deployment
c: Loss of mlssfon

SMSA03 Fiberglass Separates from Part failure a: Free cable end could hang Telemetry
battens

None 1
Iongeron up the rotating mechanism

b: Incomplete SAA deployment
c Leas of mission

SMSA04 Roller lugs Excesalve rolling Contamirralion a: Additional friction causes wr- Telemetry None 3 Motor torque mar-
resistance or roll- balance of forces among the
er seizes on shaft engaged rollers.

gins should be suffi-
cient to overcome

b: Power consumption of the excessive frfctlon. It
drive motors may briefly ex- 1scurrenfly 300%
cead allocation above nominal frfc-
C: Negligible tfonal forces. Some

anafysfs maybe re-
quired to verffy.

SMSA05 3-fead rolal- Bearing siezes Contamination a: Excessive friction as mast Is Telemetry None 1 It maybe posslbfe to
Ing drum-nut or galling deployed
mechanism b: Inability to deploy SA

use both motors to-

c Loss of mlsslon
gether to overcome
excess frfction. One
motor has 300%
torque margin
against nominal frl~
tionaf forces.

SMSA08 Ring and pkr- Jammed. Ieeth Conlamlnation a: Incomplete mast deployment Telemetry
ion gear set

None 1
breakage or slip b: Incomplete SA deployment

c: Loss of mlssfon

r



E Failure Modes and Effects Analysis
~ EOS–AM Spacecraft
w

8

2 !!
:R

MARTfN MARIETTAASTROSPACE %%w

Wfbsystem: SMS Subassembly: SA Deployment Design Engineering: Sub (TRW) Dattx 7/19/93

~omponent: Mast/Canister As- Function: Systems Engineering: S. Carey Dattx 7/19/93
sembly

Mission Phase: Pre-operationai Reliability Engineering: W. Schweigert Date: 7/19/93

failure Item or Failure Mode Possible Failure Effects Method of Exlstlng
Mode

spaoe- Rernarks and
Function Causes a. Local or Subsystem DetectloW Compensating craft Racomnwrndatlons

No. b. Next Higher Assy. Veriflcatlon Featurea Level
c. Spacecraft Crftfcallty

3MSA07 DC brush- Failure 10 turn, ex- Windtng Ialls a: Inability to deploy SA Telemetry The motors are me- 3
less molors cesslve Irlcllon open or shori, b: n/a chanically redundant

galling c Loss of redundancy

SMSA08 Hall Effect Fails open Part Iailure a: Loss of mast deployment te Telemetry
Sensor

None 3
Iemetry
b tia
c no effect

SMSA09 Motor Tem- Fails open Part failure a: Loss of telemetry Telemetry None 3
perature b: nla
Sensor c No effect

SMSAIO Llmlt Failure to close Part failure a: Loas of DEU stop signal Telemetry Limit switch Is radun- 3
switches b: Incomplete mast deployment dant

until detected
c Loss 01 redundancy

SMSA1l Batten fitting Failure to Irip limit Part failure a: Neither primary or redundant Telemetry None 3 The mast motor
switch limit switch would be tripped at should statf without

the end of mast deployment damaging any harct-
b nta ware (TBD). DEU
c No effect override command

wouldthen be used
to halt motor currant

r



1

Failure Modes and Effects Analysis
EOS–AM Spacecraft MARTIN MARIEITA ASTRO SPACE

Subsystem: SMS Subassembly: SA Deployment Design Engineering: Sub (TRW) Dat& 7/19193

Component: Blanket Box Sub- Function: Systems Engineering: S. Carey Date: 7/19193
system

Mission Phase: Pre-operational Reliability Engineering: W, Schweigert Date: 7/19/93

Failure Item or Failure Mode Possible Failure Effects
Mode

Method of
Function

Exlstlng Space- Remarks and
Causes a. Local or Subsystem DetectIon/ Compensating

No.
craft Recommendations

b. Next Higher Army. Verlflcation Features Levet
c. Spacecraft Crftlcality

SMSA12 Drive motor Mechanically Galllng a: Blanket could not be re- Telemetry None 1
seize9 leased

b: SAA deployment fallura
c Loss of mlsslon

SMSA13 Drive motor Winding failure Winding fails a: Unable fo release blanket Telemetry None 3
open or short b: rrla

c Loss of redundancy

SMSAt 4 Gear assem- Resists motion Contamination a: Reduction in torque margin Telemetry None 3
bly b: nla

Mofor torque is in
excess of 1000% of

c No effect fhat raqulred to com-
plete blanket re-
lease.

SMSA15 Gear assem- Jammed Contamlrralion a: Blanket could not be re- Telemetry None 1 Motor torque Is high
bly leased enough to overcome

b: SA deployment failure most foreign objects
c: Loss of mission that could enter the

gear train.

SMSA16 Limit Falls to indicate Failed short a: Failure to stop drive motor. Telemetry None
switches

3 Contlrrucd motor
end of travel b: nla fravei beyond fhe

c Loss of redundancy limit would cause the
motor pirrlon fo run
off the end of the
torque tube’s “hall-
moon’”gear without
hardware damage.

r



R Failure Modes and Effects Analysis
; EOS–AM Spacecraftu MARTINMARIETTAASTROSPACE

Subsystem: SMS Subassembly: SA Deployment

Component Blanket Box Sub- Function:
system

Design Engineering: Sub (TRW) Date 7/19/93

Systems Engineering: S. Carey Date: 7/19/93

MissIon Phase: Pre-operatlonal Reliability Englneerlng: W. Schweigett Date: 7119193

Failure
Mode

No.

hem or
Function

Failure Mode Possible
Causes

Failura Effects
a. Local or Subsystam
b. Next Higher Assy.

c. Spacecraft

Method of
Datectlortl

Verlflcatlon

Exlstlng
Compene.etlng

Features

8pmce-
craft
Level

Crftlcallty

Remarke and
Reoomrrmndatlone

a: Localized loss of bfanket
preload resulllng In an uneven
preload.
b rrla
c Increased risk of hardware
release durfng launch

Verv unllkelv failureSMSA17 Cable lock
assy

Premature cable
release

.inkage failure None Vone
If approprfafe fra~
fure control and
structural verification
programs are fmpfe-
manmtt.
Perform structural
analysfa to vedfy de-
sign.

Cable will have a
factor of 10:1 against
maximum tension
produced by launch
loads.
USe of dry lube
coating on hook
Iatchee combined
dkrslmilar metafs
ehoukf be enough to
preclude cold weld-
ing

5

Breaks during
launch, end loop
failure, end loop
fails to disengage
from hook latch

Malerlal flaw,
:old weld

a: Localized loss of blanket
preload resultlng In an uneven
preload.
b Bfanket will not release
c Loss of mlsslon

None None 1SMSA18 Cable

r

Excessively light
or loose adjust-
ment

Error during
assembly and
testing

1 Cable tendon can
be checked as parl
of the prafaunch pro-
ctires. This la a
eafetv critical item,

SMSA19 Turnbuckte 6
load cell
assy

a: Uneven preload and pos-
sible premature cable release
during launch
b: nla
c Loss of mission

None None



I

Failure Modes and Effects Analysis
EOS–AM Spacecraft MARTINMARIETTAASTROSPACE

i
I

Subsystem: SMS Subassembly: SA Deployment Design Engineering: Sub (TRW) Date 7/19/93

Component: Bianket Box Sub- Function: Systems Engineering: S. Carey Date: 7/19/93
system

Mission Phase: Pre-operationai Reiiabliity Engineering: W. Schweigert Date: 7/19/93

Failure hem or Failure Mode Possible Failure Effects Method of Exlatlng Space- Remarks and
Mode Function Causes a. Local or Subayatem Detectlort/ Compensating craft Recommendations
No. b. Next Higher Aaay. Verlflcatlon Featurea Level

c. Spacecraft Crttlcality

SMSA20 Guldewlre Excessive Irlcllon Galling, con- s: Crooked or Incomplete de- Telemetry None 1
tension unit Iamlnalion, ployment

cold welding b: Degradation of available
power
c: Loss of mission

SMSA21 Guldewke Breaks Corrosion a: Partial loss of blanket sup Telemetry None 3 The ofher 3 wire
cables port should provide suffi-

b: rrfa clent support to pre-
c No effect vent large out-of-

plane motions thaf
could result In blan-
ket damage

r



; Failure Modes and Effects Analysis
; EOS–AM Spacecraftw

8

$ 8
.8

MARTINMARIETTAASTROSPACE ~q

Subsystem: SMS Subassembly: SA Deployment Design Engineering: Sub (TRW) Date: 7/19/93

Component: Eievation Hinge Function: Systems Engineering: S. Carey Dat& 7/19/93
Assy

Mission Phase: Pre-operationai Reliability Engineering: W. Schweigert Date: 7/19/93

Failure Item or Failure Mode Possible Failure Effects Method of Exlathrg Space- Remarks and
Mode Function Causea a. Local or Subayatem DetecIlon/ Cornpeneatlng craft Recommandetlone

No, b. Next Higher Aeay. Verlflcatlon Features Levef
c. Spacecraft Crftlcallty

SMSA22 CompressIon Loss of compres- Fraclure a: Reduced deployment force Telemetry None 3
coil spring sive force b: Poaaible alow deployment

c No effect

SMSA23 Eddy current Excessive resis- Contamination a: Possible hung deployment Telemetry
damper

None 1 Contamlnationwoufd
tance to mollon b SA deployment failure havetobesevere

c Loss of mlsslon for a complete
selzt+up. A 400%
force margin Is avail-
able to overcome
any excessive force.

SMSA24 Potentlome- Fails open Part failure a:No posllion telemetry Telemetry None 3
ter b: Position of EHA could not be

determined durtrrgdeployment
c No effect

SMSA25 Latch-up ml- Does not close at Contamlnatlon, a: Loss on tetemelry Tetemetry The awltchas are re- 3
cro switch latch-up corrosion of b: nla dundant

cent acts c Loss of redundancy

SMSA26 Deployment Breaks Corrosion
& tatch-up

a: No deployment force pro- Telemetry None 1 This failure has an
vlded to EHA extremely towproba-

cable b: SA would not rotate Into the
70 deg deployed position

blllfy of occurrence

c Loss of mission
and can be well con-
trolled through
proof-teatlrrg, mate-
rfal aelectlon and
matertal control.

SMSA27 Adjustable Adjusted too far Improper ad- a: Insuffident pretoad applied Telemetry None 3
stop Inward or outward justment to hinge at end of deployment

b nla
c Impact on structural dyrram-
ks

f’
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Failure Modes and Effects Analysis
EOS–AM Spacecraft MARTIN MARIEITA ASTRO SPACE

Subsystem: SMS Subassembly: SA Deployment Design Engineering: Sub (TRW) Data 71~9193

Component: Eievation Hinge Function: Systems Engineering: S. Carey Date 7/19/93
Assy

Mission Phase Pre-operational Reiiabiiity Engineering: W. Schweigert Date: 7/19/93

Fallurs Item or Failure Mode Posslb16 Failure Effects Method of Exlsdng spaca- Rernarka and
Mode Function Causes a, Local or Subsystem Oetectlortl Compensating craft flacommendatfons

No. b. Next Higher Assy. Verification Features Level
c. Spacecraft Crltlcallty

SMSA28 Latch arm, Excessive resls- Galllng, cold a: Incomplete latch-up Telemetry None 1
roller and lance 10motion welding, or b: SAA could move during on-
finkage assy contamination orbit Inertial loads

c: Possible loss of mission

SMSA29 Hinge clevis, Excessive resis- Galling, cold a: Incomplete latch-up Telemetry None 1 Pre-laurrch visual in-
Iug, torque lance to motion welding, or b: SAA could move during on-
Iube and de-

spectlon to verify
contamlnallon orbit Inertial loads that hinge trigger

ploymenl c: Possible Ioas of mlsslon has not been tripped
cam Inadvertently by pre-

launch acfivitles.

SMSA30 Idler pulleys Excessive rolling Galling, con- s: slight reduction in available Telemetry None 3 Cable force Is 400%
resistance tamlnation cable deployment force

b: nla
greater than the
maximum predicted

c: No effect toad necessary to
compfete deploy-
ment and latch-up. r



g Failure Modes and Effects Analysis
~ EOS–AM Spacecraftu MARTINMARIETTAASTROSPACE

w
w
r4

Mrbsystem: SMS Subassembly: SA Deployment Design Engineering: Sub ~RW) Datcx 7/19/93

COmpOnent:Retention/Reiease Function: Systems Engineering: S. Carey Date: 7/19/93
Mech

Mission Phase: Pre-operationai Fleliabllity Engineering: W. Schwelgert Date 7/19/93

Fallura Item or Failure Mode Possible Failure Effects Method of Existing Space. Remarks and
Mode Funcllon Causes a, Local or Subsystem DetectlorV Compenaatlng craft Racommendatlons

No. b. Next Higher Assy. Verlflcatlon Features Level
c. Spacecraft Crltlcaflty

Separation
Nut Assem-
bly

SMSA31 Cartridge Failure 10 fire Bridge-wire a: Loss of abillty to fire Irrllialor Telemetry 1
failure b: Loss of SAA deployment

c: Loss 01 mlsslon

SMSA32 Bolt extractor TBD

assy

SMSA33 Compression Loss of tension Part iailure TBD
spring

r



i

Failure Modes and Effects Analysis
EOS-AM Spacecraft MARTIN MARIETTA ASTRO SPACE

Subsystem: SMS Subassembly: SA Deployment Design Engineering: Sub (TRW) Date: 7/19/93

Component Electronics Function: Systems Englneerlng: S. Carey Date: 7/19/93

Mission Phase: Pre-operational Reliability Engineering: W. Schwelgert Date: 7119193

Failure Item or Failure Mode Possible Failure Effects Method of Exlstlng
Mode

f3paca- Remarke and
Function Causes a. Local or Subeystem DetectIon/ Compensating

No.
craft Racommandatlona

b. Next Higher Assy. Verlflcatlon Features Levef
c. Spacecraft Crltfcallty

SMSA34 DEU Loss of motor Part Iallure a: Loss of motor power Blanket box sep- The DEU la redundant 3 All functions and ln-
power b nla aratlon limit ternal electronlca of

c: Loss of redundancy awltch telemetry the DEU are lrrtar-
nalty redundant. A
short in one blanket
box motor whrdlng
Ieada would reduce
the torque provided
by the other winding.
However, at least a
3009’0 toque margin
Ie available In the ra-
dundant wlndlng.

r
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1 SCOPE

This document details the preliminary EOS-AM Spacecraft Cfitical Items List (CIL). The CIL
reflects the baseline Spacecraft design for the Spacecraft Preliminary Design Review (PDR).
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2 REFERENCE DOCUMENTS

The following documents of the exact issue shown are the higher tier documents to this document.

2.1 GovernmentDocuments

2.1.1 NASA Documents

GSFC 420-05-02B Earth Observing System (EOS) Performance
13 November 1992 Assurance Requirements for the EOS-AM

Spacecraft

2.1.2 Military Documents

2.13 Other Government Documents

2.2 Non-Government Documents

2.2.1 Martin Marietta Astro Space Documents

20004280 Subcontractor Performance Assurance Requirements
12July 1991

20005396 Contract End Item (CEI) Speciilcation for the
EOS-AM
15 May 1993 Spacecraft (SEP-101)

20005397 Product Assurance Implementation Plan, (PA-1OO)
17 January 1992

20008608 Ground Rules and Assumptions for Reliability
05 October 1992 Assessments (PA-5 15)

20008607 Ground Rules and Assumptions for Failure Modes and
05 October 1992 Effects Analysis (FMEA) (PA-500)

EOS-DN-SE&I-OIO Baseline Description Document (BDD) for the
10 June 1993 EOS-AM Spacecraft (preliminary)

Source: Martin Marietta Wro Space
P. O. Box 800
Princeton, NJ 08543-08Q0

2.2.2 Other Non-Government Documents

None
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3 CILOVERVIEW

The preliminary Critical Items List (CL) is presented in this report. The CIL contains all
components on the Spacecraft which meet the selection criteria described herein.

3.1 Selection Criteria

The following selection criteria were used to determine if a component is to be considered critical
to the success of the mission:

a. Failure Modes which have been categm by the Failure Modes and EEects Analysis
(FMEA) as Criticality 1 or 2.

b. All items that are single point failures.

c. All parts which exceed their derating criteria.

d. All Martin Marietta Safety identified two fault-tolerant items that may result in potential
loss of life or serious injury to personnel.

3.2 Format and Contents

For each item listed on the CIL the following information is given:

a. Item identi.tlcation

b. The basis fur inclusion on the CIL

c. The design approach reasoning for not eliminating the critical item (i.e. compensating
features and retention rationale.)

d. The special controls or test to be implemented to detect, prevent or mitigate the effect.

4
.- DCC072693
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4 CIL SUMMARY

4.1 Spacemaft Bus CIL

The critical items shown in the preliminary Spacecraft CIL are criticality 1 items, single point
failures and three items which exceed the derating criteria. As the detailed design phase progresses,
additional items will be added as they are identifkd. A summary of the Spacecraft Bus critical items
is shown in Table I.

Table I. Spacecraft Bus CL Summary

E~ Subsys- tem selee-
tem tion

Criteria

summary

EPs SAD stepper motor SPF

EPs SAD harmonic drive SPF

‘EPSADO1

IEPSAD02

Jammed bearing

Jammed bearing or gear

EPs SAD shaft bearings SPF

EPs SA mast longerons and bat- SPF
tens

EPSAD03
i EPSA06

Jammed bearings

Longerons deform or battens separate
from lattice

EPs 200 volt polypropylene ca- DER
pacitors

PROPS propellant tank SPF

PROPS Fuel lines SPF

PROPS Fuel falter SPF

SMS - SA Longeron SPF
deploy-
ment

Exceeds derating criteria (ref waiver
EODO07)

PRPTO1

PRFLO1

Loss of propellant, weld failure

Leakage or rupture of fiel lines

PRFF02

SMSAO1

External leakage due to weld failure

Longeron fails

Diagonal lacing SPF

Battens SPF

SMSA02

SMSA03

Separation from lattice

Separates horn longeron

3-lead rotating drum-nut SPF
meehanism

Ring and pinion gear set SPF

SMSA05

SMSA06

Contamination or galling

Contamination

Drive Motor SPF

Gear assembly SPF

SMSA12

SMSA15

GaMng

Jammed

Cable lock assembly SPF

Cable SPF

SMSA17

SMSA18

Linkage failure

Material flaw, cold weld

Tumbuclde & load cell assy SPF

Guidewire tension unit SPF

SMSA19 Error during assy and test

SMSA20 Galling, contamination, cold welding

SMSA23Eddy current damper SPF

Deployment latch-up cable SPF

Contamination

SMSA26 IComosion

5 DCC072693
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F
Subsys-

tem

Fvarious

various

L

4.2 Inst

Table I. Spacecraft Bus CIL Summary (Continued)

Item selec-
tion

Criteria

Latch am, roller and linkage SPF
assy

Hinge clevis, lug, torque SPF
tube and deployment cam

Separation nut assembly SPF

Discrete command hybrid DER
(23006351G1)

200 volt multi-layer ceramic DER
capacitors

mment CIL

Mode No.

SMSA28

SMSA29

SMSA31

s~

Galling, cold welding, contamination

Galling, cold welding, contamination

Failure to f~e (carhidge)

Exceeds derating criteria (ref waiver
EOD014)

Exceeds derating criteria (ref waiver
EODO06)

Some of the individual Instrument CILSwere not received in time to be included with this version
of the Spacecraft CIL. The following paragraphs briefly summarized the Instrument CTLswhich
were received.

MISR CIL - Did not receive.

MOPITT CIL - Did not receive.

MODIS CIL, dated 9/92 - The foIiowing items were shown on the MODIS CIL as critical items
to the MODIS science mission:

Item Assembly

Readout interated circuit (ROIC) LWIR-PV Focal Plane Array (EPA)

ROIC SWIWMWIR FPA

Detectors LWIR-PC FPA

ROIC VIS FPA

ROIC NIR FPA

Filters optical window VIS FPA

Filters optical window NIR FPA
1

1CMIYTLM assy (TCP, Relay, Board assy) ICMD/TLM assy i
I ,

~Memory Output Integrated Circuit IFIFO assy I

Motor Bearings Motor/Encoder

TCP Relay Board& MIL-S-1553 bus circuit CMD/TLM

I!Singlepoint ground hardware IBracket, power supply I

6 DCC072693
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Item Assembly

ArnpMler Module (hybrid) Cooler Loacted AnpMler Module (CLAM)

Resistors RI, R2 Scan Mimer Controller

ASTER CL dated 3/93 (part of I?MEA)-The ASTERFMEA and CIL were very p~liminary and
there was not much detail contained in the analysis.

CERESCIL, dated 5/92(part of FMEA) - The CERES CIL did not provide any details. The CIL
only included a summary of the FMEA, no other details were supplied.

4.3 Cm Sheets

The individual CIL sheets for the critical items are contained in Appendix I. The preliminary CIL
sheets contain the pdiminary information. The CI.Lsheets will be updated to supply the complete
details for the Spacecraft CDR.

7 DCC072693
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5.1 Acronyms and Abbnwiatiom

ASTER

C8ZDHS

COMMS

DAS

DER

EAS

EPs

FMEA

GN&CS

MISR

MODIS

MOPITI’

NSPAR

PDR

Ps

PROPS

SMS

SPF

TCS

Advanced Spaceborne Thermal Emission and Reflection Radiometer

Clouds and Earth’s Radiant Energy System

Command and data HandlingSubsystem

CriticalItemsList

CommunicationsSubsystem

Direct Access Semite

Exceeds the derating criteria

Electrical Accommodations Subsystem

Electrical Power Subsystem

Failure Modes and Effects Analysis

Guidance, Navigation and Control Subsystem

Multi-Angle Imaging Speetro-Radiomekr

Moderate-Resolution Imaging Spectrometer

Measurements of Pollution in the Troposphere

Non-standard Part Application Review

preliminary design review

Probability of Success

Propulsion Subsystem

Structures and Mechanisms Subsystem

Single point failure

Thermal Control Subsystem

8 DCC072693
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EOS-AM SPACECRAFTCRITICALITEMS LIST

CIU’I’ICAL ITEM Shi?mIY DIYe“v SUBSYSTEM EPS

PART NUMBm: ~ co~mixsy

APPLICATION ~ ~w’~
. .

~

The SAD containsbearings and gearswhichare singlepointfailuresto the Spacecmft.‘he bearingsare subjectto failure
msuhingfrom the 1C6S d lubricant@CCMUIDiMtl ‘OIL The gears are subjectto faihm frommetal fatigueor mntmination.

(ReferenceEPS Spacemft PDR FMEA)

~

Thereis stilcient designmarginto ensurea reliabledesign.

Kmm15mx

See attachedpFi.&&

Pm ARFDICONCURRFNCEBYP

DESIGNENGINEERING: DATE:

QUALI’lTENGINEERING: DAE:

SYSTEMSENGINEERING: DA~:

RELIABILITYENGINEERING: W.SchW,m DATE 7122193

11 DCC072693
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Solar Array Drive (20008606G1)

TheSolarAmy Drive (SAD) utilizes redundant lubrication systems using state of the art lubricants,
precision bearings and redundant stepper motor windings. The SAD will be life tested for 2 times
the mission duration.

Flight Test Plan

a.

b.

c.

d.

e.

Full functional test

Random vibration at acceptance levels

Full functional test

Themml testing

Full fUllCtiOtlal

SADBearings (20038269)

Controls

a.

b.

c.

d.

e.

f.

i!

The SAD bearings are acquired ffom approved Martin Marietta Astro Space (Astro
Space) sources of supply. Astro Space field Quality ptxforrns inspections and witnesses
tests at the vendor facilities.

Dimensional inspection of bearings is performed

Bearings are torque tested to assure minimal fiction.

Bearing balls and races are 440C stainless steel.

Ball quality is assured at Grade 5 or better and TiC coated to reduce race wear.

Bearings are manufactured in a minimum class 1000 clean room environment.

Bearing lubrication has been selected for long life and low outgassing.

Slip Ring Assembly (PS20008542)

The SRA is designed to ensure Aiable operation. The SRA is designed to operate at a low contact
force which results in a low wear rate for the SRA. The SRA requires no lubrication to operate
throughout the mission.

Controls

a.

b.

Preliminary test plan is submitted to Astro Space for approval prior to commencement
of testing.

Run-in tests burnish rings and brushes to minimize debris accumulation in final
application.

12 DCC072693
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Test Plan

a.

b.

c.

d.

e.

f.

20008652
30 July 1993

-

Mter disassembly,parts are cleaned and inspected to vexify correct tracking of brushes
and rings.

visual examination at lox minimum.

Elecrncal/functional testing.

Temperature cycling.

Inspection of piece parts.

Torque test on slip xing separates.

ElectricaWunctional testing.

SAD Gears (Harmonic Drive PS2Q034964)

Controls

a.

b.

c.

d.

The gears are supplied by Astro Space approved sources of supply.

Dimensional and material inspections are made with Astro Space Field Quality
ovemiew.

Verification of a&quate lubrication is made at the assembly level, with visual inspection
at subsequent levels of assembly.

Gears designed to opemte under low stress levels.

13 DCC072693
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EOS-AM SPACECRAFT CRITICAL ITEMS LIST

BEi /REFERENCE:

The solar amy mastlongeronsandbattensare singlepoint failuresto the Spaceemft.The Iongerms and battens
provide structttrtdsuppcatfm the solararray.The lmgerons havefailuremodesof breakingduringlaunchand
defaming duringthe operationalmissionphase.The battenshave failuremodescf sepamtingfromthe lattice
duringthe launchand operationalmissionphases.

(ReferenceEl% and SMS Spacecraft PDR I?MEA)

GN APPRQACHIRETEKU.(3NRA~ONAL~

Thesecmnpom.u and the applicaticmare typicalof this type of design.

CONTROL/T’’F3T~

Matmialselectionand controls,prd testingand deploymenttestingshouldpreventundetectedflawsor crocks.

STATUSICOMMENTs

The SAA subcontractor(TRW)will analyze the material degradationpotenti~ fortie long~ons. T’heYwill ~so
performa stn.icturalanalysisto detenmnethe effecton the systemof havingonebattenfail.

Mere detailswill be providedfor SpacecraftCDR.

~ PA DI RENCEBY

DESIGNENGINEERING: DATE:

QUALITYENGINEERING: DA~:

SYSTEMSENGINEERING: DA~:

RELIABILITYENGINEERING: W.Schweizert DATE: 7/22/93

14 DCC072693
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EOS-AM

L

SPACECRAFT CRITICAL ITEMS LIST

CIUTICAL ITEM 2S)9Volt~ SUBSYSTEM: ~

PART NUMB= ~ co--/Ass~

APPLICATION: J2Q12Qfilm

The 120VBus faltercapacims will exceedthe deratingcriterh of MILSTD-975.

~eti~~~le~mti=*fm2MV&.*~ ML-STD-975, the maximum(60%)derated
voltageis 120Vdc.The capacitorswill be operatedal 120Vdc,+/- 4%,with the possibilityof single-event
transients& 132Vdcfor 100pseccmdsand 180V for 1 psecmd.

(ReferenceNSPM-EOS-P-084)

DF31GN~PROA_mON RA”ON-

Polypropylenecapacitcmhigherthan 200 Vdchavena ken qualifiedfcr space While400 Vdc capacitcmare
commerciallyavailable(nothingbetween200 and400 Vdc exists),a newqualificationprogramwouldhaveto
be initiated.Fuxther,use of 400 Vdc polypropylenecapacitorswouldresult in a 20 lb increasein Spacecraft
weightdue to the largercapacitorsassociatedwith the higherratiug.

200-vdt rated capacitorsam!suitablefor the above-mentiated applicationfm the followingreascsts:
1. Asper MXLC-55514they are burned in at 240Vdc (105deg C).
2.& per ML-C-55514 they have a dielectricwithstandingvoltageof 400Vdc.
3. Sinceeach capacitmis fused (50requirui fcr cap bank)redundantcapacitorswill be addedto increasecap
bankreliability.

The 200 Vdc bum-in providesstilcient marginfcr DC voltagewhilethe 400 Vdcdielecmicprovidesmargin
for the 132180 Vdctmmsients.

WaiverEODO07has been submittedandapproved by GSFCfcr thesecapacitors.

DESIGNENGINEERING: DATE:

QUALITYENGINEERING: DA~:

SYSTEMSENGINEERING: DA=:

RELIABILITYENGINEERING: W.Schweis?en ~AE: 7/22/93

15 . . DCC072693
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EOS-AM SPACECIWFT CRITICAL ITEMS LIST

CmCAL-: ~

PART NUMBER: ~

APPLICATION:

SUBSYSTEM s

COMPONENTYASSY

~

Thepropellanttankis a singlepointfailure.The loss ofpropellantfuel as a resultof leakagedueto a weldfail-
urewouldresult in the loss d missionlife.

(ReferencePROPSSpacaraft PDRPMEA)

~

Pawibilityof faihm of cireurnferentidweldis small.Burstpressureis twotime expectedopemtingpressure.
Fractureand stressanalysiswillbe perfamed on the tank.

Cmnumsm

Testedin accordancewith secticn4.0 of PS20001402.

Tus/coMMENTs..

Thisdesignhas bem qualifkd aud flownbut not al ASD.

PREPARED/CONCURRENCEBY

DESIGNENGINEERING: 2 Mever DATE: 7/22/93

QUALIIT ENGINEERING: DATE:

SYSTEMSENGINEERING: DA~:

RELIABILITYENGINEERING: W. Schwei~ert DA~: 7/22/93

16 DCC072693



2QO08652
30July 1993

EOS-AM

-

SPACEC~T CRITICAL ITEMS LIST

CIUT’ICALITEM

PART NUMB=.

APPLICATION:

~ commlAssx

The propdht fuel linesare singlepointfaihue. me leas d propdant as a resultof leakagedue to a weld
failurewouldresultm the loss of tttissim life.

(Reference PROPS Spacemft PDRFMEA)

~“

Key designfeatures
Item 1- 230317ti2 (stainks @)
- 304L SUiIdeSS steel
- MIL-T-8973 tubing,steel,comsion andheatresistant
-0.25 in OD0.020in W~ thiCkIl13SS, 1.0in bend -US
-3046 to 3A175V transmksim tubes usedto weldto titanium lines
- circumferentialclampmount

Item 2-2303299 (titanium)
- 3A1 2.5Vtitaniuma@’
- AMS 493Aseamless,hydraulicannealed
-0.25 in OD,0.016 Wti thiclutesa, c@ular CICSS sectioQ 1.0in bendtadius
- 3A1 2.5Vto 304Ltransiticmtubesusedto weldto non-titauiumlines and ccmpcmmu
- 3A1 2.5Vweldabilityto 6A!4V wellunderstoodby ASD
- All tube ends acidetchedper ASD2280871to reduceweldporosity
- Circumferentialclampmotmt

Item 1 (stairdesssteel)- Testedin accordancewith2303170
Item 2 (titanium)- Testedin accordancewith 2303299

~

This tubing has beentestedand usedon othersimilarASD Spacecraft.

DESIGNENGINEERING: J Mever DA~: 37193

QUALITYENGINEERING: DATE:

SYSTEMSENGINEERING: DATE

RELIABILITYENGINEERING: W.Schwei~ert DAE: 7122J93
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EOS-AM SPACEC~

L

CRITICW ITEMS LIST

CRITICAL ITEM ~
SUBSYSTEM ~

PART IWMBm: ~ cOwOm’AssM

APPLICATION: ~

BAsIs FoR CRITICA1, STA~S~~.

Thefuel fikrs are singlepointfailures.The lossof proplkmt fuel as a resultof a weldleakagewouldresult
in the 10ssof missionlife.

(Rference PROPSSp_ PDRFMEA)

DESIGN~ PROACFVRETENTIONR TIONfi12A

Possibilityof failureof circumferentti weldis small.Burstpressureis fourtimesthe eXpe~~ Opemtig Pres-
sure.

cONTROLH~:

Testedin accordancewith seetion4.0of PS2633648.

~TATUSJCOm~

This all titaniumdesignhas beenqualified.

PREPARFDJCONCURRENCEBY-

DESIGNENGINEERING:

QUALITYENGINEERING:

SYSTEMSENGINEER~G:

RELIABILITYENGINEERWG:

T. Mever DA~: 7/22/93

DATE:

DA~:

W. Schweh?efi DAE: 7122/93
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EOS-AM SPACECRU’T

L

CFUTICAL ITEMS LIST

SUBSYSTEM: ~

coMPom/Assx

Thesolararraydeploymentsystemumtains severalitems which are$ngle point failuresto the Spacecmft.
Someof these items= kmgm$ M. g-, ~gst m~ , latches,hinges,etc.The are several
types of failuremodeswhichwouldresult in the failured the individualitems audwould causethe fhilureof
the solar arraydeployment.Some of the failuremodesare Gallingaf brings, c~a. cmi~
coldwelding,etc.

(ReferenceSMS SpacecmftPDR FMEA)

~

CQmKumm

~

Detailsof the subcontractffsuppliedinformationwill be providedby SpacecraftCDR.

D/CONCURRENCEBY

DESIGNENGINEERING: DAE:

QUALITYENGINEERING: DATE

SYSTEMSENGINEERING: DATE

RELIABILITYENGINEERING: W.Schwels?ert DATE: 7/2219?

19 DCC072693



20008652
30July 1993

L

EOS-AM SPACECRAFT CRITICAL XTEMS LIST

SUBSYSTEM: Jkifm

COMPONENWASSW

The discretecommandhybridhastransistas (2N2219A)andfti chipmsistas whichexceedthe derating
criteriaof the EOS-AMPAPL.

Item I: A pasible biasingcmdition exists cr all 2N2219Anpn small signalnansistcx’swhich exceedsthe
deratedemitter-basebreakdownvoltageVbr(ebo).ReferenceEOSPAPLAppendixII ‘fhble9.

Item2: Powerdissipationin the fti chip baseresistorsof all2N3467transistorsexceedsthe maximumcon-
tinuousderatedpowerdissipation.ReferenceEOSPAPLAppendixII Table7.

Item 1:Worstcaseanalysisshowsthat undersomeconditions,an appliedemitter-basevoltageVeboof 5.0
V (83%of rated)couldbe greaterthan the dcratedVebo(75%of rated),butwill na be greaterthan the rated
Veboof 6.0 V.Worstcasemaximumpowerdissipationin thejuncticmduringbtwtkdownis currentlimitedto
5.7 mW.This biasingconditim willna cccuras a continuousstateof operatim. Poweris strobedonfm
ap-ately 55 msecat approx.imatelya 50%duty cycle.

Item 2: Eachresistoris part of onediscretecanmand cmtputcircuitanddissipatespowercmlywhenthat
particularccxnmandis selected.Thisis a pulseapplicationratherthan continuousopemtion.42 discrete
commandhybridswerelife testedfor MILSTARand 2 werelifetestedfor GPS.The MILSTARhybriduses
a 0.25Wmsistff andthe GPShybriduses a 03W resister.EOSwill be usinga 0.5Wresistor.Thereare64
resistorsin questionper hybrid.Ordyone failurewas attributedto a resistcxprobltmxthe problemwasa
scratchonthe resistor.The darashowsthercfcxthat hours= 64 * 44 * 1000= 2.816* 10E6hours without
failuresdue to overstress.Satisfact~ performanceis expected.

CQmKumm

~TATUSCOMMENTS1

WaiverEOS-014 wassubmittedand approvedby GSFCfor the hybrids.

PREPAREDICONCURRENCEBY

DESIGNENGINEERING: DATE:

QUALITYENGINEERING DATE:

SYSTEMSENGINEERING: DA~:

RELIABILITYENGINEERING: W.Schwemrt DATE: 7122193
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EOS-AM SPACECRAFT CRITICAL ITEMS LIST

Themulti-layer ceramic~)q~l-mv~as~tim~tid~gad
MIL-STD-975
Thecapacitm areusedfor falterapplical.kmsfcrthe 120Vdcbus (typicallywithinthe ElectricPower @r@i-
timer Modules).TheseMU capacitccsate ratedfcr 2CN)VW>MJLSTD-975 apecifii a dcratedmaximum
(60%) applied voltage of 120Vdc. However,thecapacitcmwill operateat 120Vdc4- 4% withthepossibil-
ity of single-vent transients&. 132Vdcfor 100psecondsand 180Vdcfcr 1 psecatd.

(ReferenceNSPAR-EOS-P-058)

MLCcapacitorshigher thart200 Vdchavena beenqualifii for space.While 500 VdcMLCcapacitas are
commerciallyavailable(nahing between200 ad 500 Vdcexists),a newqttalMcaticmprogramwould have
to be initiated.Further,use of 500 VdcMLCcapacitm wculdresult in a 40 lb incmise in SPacecmftweight
due to the highervoltageratingand a reductioniu EPC pack@ng densities.

200-volt rated capacims aresuitablef(x the above-menticxiedapplicationfor the followingreasons:
1. As per MIIX-123 they areburnedin at ~Vdc (85deg C).
2.& per ML-C-123 they havea dielectricw@Mandm- g voltageof500 Vdc.

The 400 Vdcburn-in providesstilciertt marginf= DC voltagewhilethe 500 Vdcdiekcrric providesmargin
for the 132/180Vdctransients.

Qwmmmmm
WaiverEODO06has been submittedand approvedby GSFCfor thesecapacitors

H= PAREDICONCURRENCEBy

DESIGNENGINEERING: DATE

QUALITYENGINEERING: DATE:

SYSTEMSENGINEERING: DA~:

RELIABILITYENGINEERING: W.%hweiggt DA~. 7122/93
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1 SCOPE

This document provides the details of the prelimimuy EOS-AM Spacecraft Reliability Assessment.
The reliability assessment reflects the baseline Spacecraft design for the Spacecraft Preliminary
Design Review (PDR).
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2 REFERENCE DOCUMENTS

The following documents of the exact issue shown m the higher tier documents to this document.

2.1 Government Documents

2.1.1 NASA Documents

GSFC 42045-02B Earth Observing System (EOS) Performance
13 November 1992 Asurance Requirements for the EOS-AM

Spacecti

2.102 MiIitary Documents

MIL-HDBK-217E Notice 1 Reliabtity Prediction of Electronic Equipment
02 January 1992

2.1.3 Other Government Docnments

2.2 Non-Government Documents

2.2.1 Martin Marietta Astro Space Documents

20004280 Subcommctor Performance Assurance Requirements
12 July 1991

200053% Contract End Item (CEI) Specification for the
15 May 1993 EOS-AM Spacecraft (SEP-101)

20005397 Produc{ Assurance Implementation Plan, (PA-1OO)
17 January 1992

20008608 Ground Rules and Assumptions for Reliability
05 October 1992 Assessments (PA-5 15)

EOS-DN-SE&I-O 10 Baseline Description Document (BDD) for the
10 June 1993 EOS-AM Spacecraft

Source: Martin Marietta Astro Space
P. O. BOX 800
Princeton, NJ 08543-0800

2.2.2 Other Non-Government Documents

WC NPRD-91 RAC Nonelectronic Parts Reliability Data
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3 SPACECRAFT RELIABILITY ASSESSMENT OVERVIEW

The Spacecraft reliability assessment is used to evaluate various design configurations and assess
the probability that the EOS mission will be successful.

Reliability assessments are performed throughout the Spacecraft design process. During the
pre~q design phase, reliability predictions are petiormed using preliminary functional block
diagrams and estimations of failure rates and duty cycles. Failure rates for individual elements are
combined using applicable redundancy equations to predict the probability of mission success.
These estimates provide insight into the evolving design and serve as a basis for redundancy
planning and trades of candidate design con.f@urations.

3.1 Mission Success Definitions

3.1.1 M~ion Success Definition for the Spacecraft Bus

The minimum capability required for Spacecraft Bus mission success shall be defined as the
capability of providing the Instruments with the minimum resources and services for the mission
life of five years. The ability to transmit all recorded science data to the EOSDIS vis Ku-band
TDRSS or X–band DAS links shall be considered the minimum science transmission capability
required for mission success.

3.102 Mission Success Definition for the EOS Instruments

EOS Instruments must meet their individual re@rements for data generation assuming the
Spacecraft Bus provided resources are available and within spedlcation. Any self-provided power
conversions, thermal control, deployments, critical telemetry or data storage must be included in the
Instrument reliability assessment. Instruments must provide the required science products for the
five year mission or the mission duration required by the individual Instrument performance
speci.tlcation.

3.2 Probability of Mission Success

The probability of mission success of the Spacecraft Bus will, as a goal, not be less than 0.75 for a
mission life of five years when operating continuously in the orbital environment.

3.3 Mksion 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 Spacecraft and the signflcant events which define
the transition from from one phase to another are shown in Figure 1.

The Spacecraft reliability assessment was performed for the pm-operational and the operational
mission phases.

5 DCC072293
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Mission Phase

The pre+perational phase includes the following mission phases: 1) launchh.scent phase, 2) orbit
acquisition initialization phase, and 3) orbit acquisition phase. The launch/ascent phase was
assumed to be 0.5 hours in duration. The duration of the remaining phases was assumed to be 120
hours. Only the equipment that is required to operate in this phase was included in the reliability
calculations.

3.3.2 Operational Mission Phase

The operational phase includes the operational initialization phase and the operational phase for a
duration of 5 years. This assumption accounts for the time necessary for the Spacecraft Bus to reach
the operational capability to support all of the Instruments.

3*4 Method of Analysis

Thepreliminary reliability assessment was based on the part count method of MIL-HDBK-217.

3.4.1 Failure Rates

MIIAIDBK-217 is the baseline document for calculating electrical, electronic and
elecbomechanical component failure rates. Failure rates for mechanical elements and elements not
included in MILAIDBK-217 are justified on the basis of comparison to industry standards, test
results or on+rbit performance. R.ADCpublication NPRD-91 is one source of failure rates which
is used for components not listed in MIL-HDBK-217. Failure rates that are based on test results or
on-orbit experience are required to be calculated with a lower one sided con.tldence level of at least
80%.

In accordance with the requirements of MIL-HDBK-217, Reliability Prediction of Electronic
Equipment, the equipment failure rates during the launch/ascent phase were increased by a factor
of 40 to account for the additional stresses which occur in this environment. For example, if a piece
of equipment has a faihm rate of 100 FIT’sin the operational phase, a failure rate of 4000 FITs is
used for the launctdascent phase. The factor of 40 is an average value, once the detailed reliability
assessment is performed the actual launch/ascent factors for the speci.tlc components will be used

3.4.2 Temperatures

Default temperatures are being used in the preliminary predictions until the thermal models have
been performed on the actual Spacecraft design. Default mission average temperatures are 30
degrees centigmde unless previous expxience with the design shows a higher or lower values.

3.5 Reliability Block Diagram

A reliability block diagram (reliability model) was created for each individual subsystem and the
associated lower level components where applicable. The reliability block diagram reflects the
redundancy cordiguration for the design and describes the equipment which is required for mission
success.

7 DCC072293
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3.6 Ground Rules and hIIXII@iOnS

The following ground rules were followed in performing the Spacecrdt reliabilityassessment

a.

b.

c.

d.

e.

Thereliabilitypredictionincludedallhardware elements and functions that = required
for success of the EOS mission. Non-critical telemetry and fimctions that are not
essential for mission success are excluded from the prediction.

Electrical and electronic assemblies that are used as unpowered standby redundant units
are assigned a failure rate that is 10% of its active rate. Standby failure rates for
mechanical and electromechanical assemblies are individually justifkd

Failure rates used in the reliability assessment are assumed to be random (exponentially
distributed). Wearout failure modes with mean life estimates of less that 7.5 years are
included in the xdiability models andjustitlcation of the failure distribution is provided.

Grade 2 Part Program The EOS-AM Spacecraft is allowed to have Gra& 2 or better
parts in the equipment designs.

EAS - The failure mtes for the individual box connectem are included in the failure rate
of the individual box. l“hefailure rates for the connectom between boxes are not presently
included in the analysis. These interconnect connectors should not compromise the
equipment redundancy, and should not have a si@icant impact to the overall reliability
estimates. During the detailed design phase, the cormectom will be address@ and
included M the reliability assessment if necessay.

.-
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4 SPACECW RELIABIIJTY ASSESS~~ S~Y

4.1 Spacecraft Bus Reliability Assesmti S~’Y

Table I summarizes the results of the Spacecraft Bus reliability assessment. The probability of
success (F%)is shown for each individud subsystem for both the pre+~mtiond and the operational
mission phases.

Table L Spac=mft Bus ReliabWO’Ass@sment SW.WMY
Pm+Op Phase Ps Operational Mission Phase Ps (5 Ye@
(120.5 Hours)

Subsystem Spacecraft PDR Subsystem Spacecraft BUS Spacecraft PDR

(9/93) Allocations PDR (6/92) (9193)

0.99999 0.97 0.9545 0.9774
EPs
PROPS o.m 0.99 0.9835 0.9900

C&DHS 0.99999 0.843 0.8441 0.8201

COMMS 0.99989 0.98 0.9865 0.9916

GN&CS 0.99998 o.% 0.8725 0.9520

0.99998 0.998 0.9969 0.9987
TCS

SMS 0.99995 0.999 0.9999 0.9999

EAS

Spacecraft BUS 0.9998 0.759 0.6798 0.7481

Bus God WA 0.75 0.75 0.75

0.09 4.07 -0.002
Margin NIA

4.2 Instrument Reliability Assessment Summary

The majority of Instrument reliability assessment.wem not receive in time to be included with this
version of the Spacecraft reliability assessment. Table II summties the information which was
received.

Table IL Instruments Reliability Assessment SUIIIXIWY

Instrument Ps (5 years)

ASTER
(TBD-1)

CERES (TBD-1)

MISR
(TBD-1)

MODIS 0.9229

MOPITT
(TBD-1)
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5 SPACECRAFT’BUS SUBSYSTEM RELIABILITY ASSESSMENTS

This section describes the details of each of the individual subsystem Aiability assessments.

5.1 ElectricalPower Subsystem (EPS) Reliabtity Assessment

5.1.1 Description

The EPS provides all Spacecraft Instruments and subsystem housekeeping equipment with +120
Vdc *4% power (at the user) during dl mission phases. The EPS is modular to facilitate integration
and ground test, and is designed to provide single-fault tolerance and a high level of redundancy.

The EPS provides the functions of energy generation, energy stomge, power conversion, regulation,
and distribution. The EPS utilizes a fully-xegulated direct-energy-transfer (DET) configuration at
+120 Vdc, which transfers power directly Ihmthe 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 El% 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 may which rotates via a sohu array
drive (SAD) in order to maximize solar exposure. Power for Spacecraft opemtion during eclipse
is stored in two rechargeable 50 ampere-hour NW2batteries. 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 may 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 disrnbution unit (PDU) feeding subsidiary power distribution points
in the various equipment modules. The central power 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 mmsient loads on voltage regulation is minimized 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
amay, is retumedto a central point in the PDU which is then referenced to the Spacecraft prime power
reference (PPR). The EPS provides intetittent duty switch power to two pyro busses for ffig the
pyrotechnic actuators on the Spacecraft at the beginning of the mission.

11
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Ground command and on-bard computer control of the EPS elements is effected through the
C&DHS via the Spacecraft control computer (SCC). The power management software calculaks
battery charge rates based on battery depth-of+lischarge, desired C/D ratio, and solar array/sun
orientation. In addition, this software willperform load shedding, basedupon a predefmed schedule,
in the event of a failure or an excessive overload that would exceed the maximum battery depth of
discharge of 30% for the normal operational mode.

5.12 Functional Block Dhgram

The EPS functional block diagram is shown in Figure 2.

5.103 Reliability Block D~

The EPS reliability block diagram is shown in Figure 3.

The SSU reliability block diagram is shown in Figure 4.

The PDU reliability block diagmm is shown in Figure 5.

The Battery Assembly reliability block diagram is shown in Figure 6.

5.1.4 Equipment Redundancy

The solar array consists of 24 parallel shunted circuits. Each circuit contains 8 individual strings of
190 GaAs series connected solar cells. The area total of 192 stigs (24 circuits x 8 strings/circuit)
The solar amay reliability analysis is a conditional analysis which considers the power margin at the
end of life as the level of redundancy. The solar array has a total EOL power capability of 5304W
(5000W with 11 strings failed). The total EOL charge and load requirement is 4770W. This gives
the solar may a power margin of 534W.

The solar array conditional reliability analysis involves the solar may, SSU shunt and Power
Module pairs, SAD power slip rings and SAD return slip rings. Solar may small hyper-velocity
particle degradation of 2!% is reflected in the end of life power margin. Solar array large
hyper-velocity particle degradation is not included in this reliability analysis.

The SSU consists of the following:

a. 2–for-1 active redundant Command Decoder and EPC circuits,

b. 3-for-2 active redundant Op Amp circuit on the input of the SSU Shunt #malog Voter
circuits. Each of these three op-arnp circuits receives an input horn its respective PDU
Mode Controller output.

c. A Shunt Analog Votercircuit that uses a redundant transistor gating circuit con.tlguation
to generate the thirty one channel output shunt element control signals. With all rhree
Mode Controller circuit inputs presen~there are 3-for-1 activeredundant transistor
gating circuits. With a failed Mode Controller circuit input the transistor circtit senfing
the two operational Mode Controller circuits is required for success.

DCC072293 12
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e.

f.

/3”

h.

-

Quad-~dundant (minimum) resistors are utilized in the Shunt Analog Voter circuits to
isolate the common output (voted) signal from ground,

24 Power Shunt Elements and their dedicated Power Module control electronics. The
Shunt Elements snd their Power Modules areconditionally redundant with the solar cell
circuits which are not pm of the SSU.

2-for-1 active redundant heater circuits are provided both on the SSU exterior surface
and on the SSU interior baseplate,

Fuses are provided for all instrument and housekeeping load feeds and are modeled with
their nxpxtive loads,

SSU Telemetry circuits are provided but are considered non-mission+ssential and am
therefore not analyzed herein,

The SAD reliability analysis includes the stepping motor’s bearings, 2-for-1 standby redundant
windings, harmonic drive bearings, SAD shaft bearings and slip rings. The slip rings each have
2-for-1 active redundant brushes. The SAD is being included here for completeness of the power
system but the SAD is actually part of the Structure and Mechanisms Subsystem.

-y drive electronics (ADE) are connected to the SAD stepping motor’s prirnaxy and backup
windings. For each winding there is a dedicated set of ADE circuits to perform the functions ORRate
Generation, Motor Drive, and the necessary Electric Power Conditioning. These winding dedicated
circuits are modeled in series with theirnxpective winding as 2-@r-l standby redundant. The ADE
also includes 2-for-1 active redundant Safe Hold Circuits. These circuits can be switched to
interface with either the primary or backup SAD winding dedicated circuits as described above. The
Safe Hold Circuit cross-strap switching relays are also 2-for-1 active redundant.

The PDU consists of the following:

a. A 64-for-61 active redundant main bus fused falter capacitor bank. Every 2 capacitom
in this assembly is provided with a fuse to preclude a stigle point failure due to an
associated capacitor short.

b. Double insulated 120V bus bars

c. 5 DC current sensors (shunt type) with redundant leaves and connections:

1. Battery Power Conditioner 1

2. Battery Power Conditioner 2

3. solar Array 1

4. solar Allay 2

5. Fault cument

d. 7 redundant DC current senors for the Instrument interfaces.

DCC072293 18
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2-for-1 active redundant Multi-Phase Clock circuits with Fault Detection Circuitry,

2-fro-l active redundant Command Decoder Circuits. Each Command Decoder circuit
includes Charge Rate (C/R) control and Voltage4Tempera@ (V~ amtrol circuits for
both batteries,

2-for-1 active redundant Voltage~emperature Divi&r circuits for each battery,

3-for-2 active redundant Mode Controller Circuits. The Mode Controller function
senses the bus voltage at the power distribution point and creates an error voltage to
control the two Battery Power Conditioners (BPC) and the Sequential Shunt Unit (SW).
Functionally in series with each Mode Controller circuit are; the voltage divider which
is utilized at the voltage sensing point at the Mcde Controller inpu~ and at the Mode
Controller output there is; one Op Amp circuit on the input of each of the two Battery
Control Voter circuits,

The PDU Battery Control Voter circuit uses a conditionally redundant transistor gating
circuit conf@ration to generate the four channel output BPC control signals to each of
the two BPC elements. With all three Mode Controller circuit inputs presen~ there are
3-for-1 active redundant transistor gating circuits. With a failed Mode Controller circuit
inpuL the transistor circuit serving the two operational Mode Controller circuits is
required for success.

Quad-redundant (minimum) resistors are utilized in the Battery Control Voter circuits
to isolate the common output (voted) signal from ground.

The BPC Voter circuit output channels are 4-for-3 active redundant. Each channel is
dedicated to one of the four Batte~ Power Conditioner (BPC) channels (see BPC
analysis).

2–for-1 active redundant Electric Power Conditioners (EPC), either of which can supply
the required power supplies for any con.f@urationof redundant elements of the PDU(
except for the command decoders),

2-for–1 active redundant heater circuits are provided both on the PDU exterior sutiace
and on the PDU interior baseplate,

Fuses are provided for all instrument and housekeeping load feeds as well as all BPC and
SSU feeds. Fuses are modeled .with their respective loads,

PDU Telemetry circuits are provided but are considered non–mission-essential and are
therefore not analyzed herein,

The PDU provides relays to connect and disconnect instrument loads during the
integration and test phase of the spacecraft. These relays are not used on-orbit and
therefore are not analyzed herein.
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The EOS battery reliability analysis includes two 50AH batteries. Each battery consists of 54
individual battery cells where each cell has a Thenna.lly Activated Bypass Switch (TABS) for open
cell fidhre bypass protection. Each battery can toletate one cell failed open or one cell failed short.
The Battery System can tolerate ~ocellsfailure shortoropen (oneperpanel). ‘l%ebattery reliability
amlysis also includes thermal control equipment and the battery telemetry cumnt shunts.

The battery celJ pressure monitormliability analyses reflects in-production fa.ihm rates and is twice
2 for 1 active redundant for each battery.

The battery power conditioner (BPC) circuits are 4-for-3 active redundant.

The mnaining SAD slip rings are strat.ifkd by function to account for various redundancy schemes.

The Fuse Distribution Box (FDB) fuses are reflected in the lower level box reliability predictions.
The deployment activator electronic unit (DEU) is shotwt in the pre+opemtional phase solar aIZIY

assembly deployment reliability analysis.

5.1S Equipment Failure Rates

The SAA reliability estimate is based on a conditional model where the reliability is based on the
power margin. The power loss was determined for the individual circuit strings, harness
connections, shunts, power slip rings and mum slip rings and compared to the power margin.
Table III summarizes the SM reliability estimate. TRW, the S+Ul subcontractor provided the SlL4
PDR reliability assessment. Details fkom this analysis was included in the Spacecraft SAA
assessment.

Table HL Solar Array Conditional Model Reliabfity Summary
+

Power Mar@. Number Y- Hourd%kar Number Equipment

534 w 5 8760 5

1 Index I Nomenclature I Quantity I Power Loss I Eff FITS I1

1 Cktstrings 192 27.62 190.0

2 Ckt harness connections 24 221 0.5
I I I ,

t 3 ISSU shunts 124 1221 I 134.5 I
4 Ckt power slip rings 24 221 .0684

5 Ckt return slip rings 12 442 .0684

ITotal Success Cases 184 IJ 1 t

I Year I Ps I

I 1 10.999996 I
2 0.999967

3 0.999861
,

I 4 10.999576 It

5 10.998966 I
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The Battery Assembly reliability estimate included the TWS equipment and thermal control
equipment. Failure rates for each component of an individual battery cell were determined based on
manufacturer cell data.

The SSU, SAD, ADE, PDU, BCPM and the BPC failure rates wem taken for the individual
component PDRs.

TheEPS has some componentfailure rates which are not includedin MIL-HDBK-217. Appendix II
provides a summary of these components.

5.1.6 Updates to the Reliability hsessment

The following signifkant changes have been made to the previous Spacecraft Bus, subsystem and
individual component PDR reliability assessments:

a. The SAA model has been XWisedto reflect the current design.

b. The battery assembly has the T~S instead of the chargeldischarge diodes.

c. The PSU is now included with the GN&C subsystem reliability assessment.

d. The SSU and the PDU EPCS are no longer cross-strapped with the command decoders.

e. The quantity of cummt shunts has increased for 5 to 19.

f. The battery assembly reliability model now includes the battery cument telemetty shunt.

5.1.7 Probability of Success (1%)Summary

The calculated EPS Ps for the launchhscent mission phase is Ps = 0.999977 for 0.5 hours.

The calculated EPS Ps for the pre-operational mission phase is I%-0.999943 for 120.5 hours.

The calculated EPS Ps for the operational mission phase is Ps = 0.977418 for 5 years.

5.1.8 Failure Rate Details

Table IV shows the Electrical Power Subsystem operational mission phase reliability summary.

Table V shows the SSU remainder operational mission phase reliability summary.

Table VI shows the PDU operational mission phase reliability summary.

Tables VII and VIII show the Battery Assembly operational mission phase reliability summary.
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Table IV. Ehtrical Power Subsystem Reliability Summary

5 7ssSS S3B610S mRATIo6

0711v93 CPS smacmm m
OPSRATIOSAL MIsSION PXABZ

WTT ?A7.LSS= BOX 1~= IST~ F121AL
I BI&2Sl Dxsa2mIoN lCTCLSl (HT6)J=LTTlm~& I P* } PS I P- I
l— I l— l— l— l— l— l— 1— I

i

I

I

I

I

I

1’

I

I

I

I

;
I

I
I
I
I

!

I

11- aLL STRINGS 6 WSLD9 I 100.O$I
2I~S -MCCTIDSS I 100.O8I
31660 BRoxTs * - mouLx6 I loo.otl
4 lP~R SLIP S192G(1RIJ6ss3) I 100.O*I
51SS70S24SLIP SX26G(BRUSS23J I 100.O*I
ISOLAR ARRA7/6So/-PsR6ussmT I I
I I

61ss0 26S31AX2201!R I
I i

7ISTZPPIMGSOTOR ROTOR SSASIMGS ! 100.O*I
OISAD MASSDNIC DR2V3 I 100.O*I
91SAD SRATT slmRx9Gs I 100.O6I
I I

10IADE 63C I 100.OJ
11lAo.tms 1 100.OQI
121AD.Cxc aT 1 P/o Ro9 I 100.O*I
13ISTSPP162G-R 9126DING3 I 100.O$I

iSOBTOTAL ADS I
I I /

141ADE SE cm 1 P/o 6ss I 100.OOI
151ADS 2mc/ss9x XETRAP Ru 1 P/o 2GS I 100.O*I
I

16IPOUSR DISTRIBUTIONUNIT ;
1?IMTTERY CSLL/TARS/TEEBMAL

1’
I 100. O* I

18 iSATTERY CSLL PRSS60SX MOUITOR I 100.OQI
19IBPC Powsn MODOLE I 100.OSI

I I I
201660/DSU ?CED6 RTN BLIP R16G BXLlS21S61100.OtI
211CTSL A,B,C BLIP R3UG D~BRXS I 100.OQI
2216SRIAL vu 6 RTU SL3P RIMC BR03ss6 I 100.09I
23ICSS 6 STU SLIP RIUG S~SSS3 I 100.O*I

I I I

190I I I
.51

134.51
1
I

I
I

401 i i
40/ I I

I~ST I I
I I I

nmom I I I

10I .999561OI’ x2
I

/
40I .99824851 I
10I .999561BI X4 I

I I
4191 .98100491 :

252.5I .98S99S2I
213.76I .9906757I !

10f .999S61SI
i .9611036I 2/:sB !
I I I

140.481 .99386241 2/1 A I
31.161 .9986353I 2/1 A I

I I
IsPDST I i
13190R3I / I

64.41 .998056112/1 A X41
495.5I .97S51S01 4/2 A S21

I I
40I .9902405I PU-OP I
401 .99S240512/1(3/2)I
401 .99S248512/2 X12 I
401 .99s24s5I 2/1 X8 I
I I I

I I I
.999237I

i i i
I I .999124I
I 1 .99s249I
i I .99s2491
I I

/
I

/
I I

.99912391 ; I
I .999158I
i I 1
I .999962I

.99999f21
! / I
I I .999078I
I .9905901

.9999934I I .9999851

.99731001 .9946271
I I

1’ I
.9999969I 1.000000I 1.0000001
.9999969I 1.000000I 1.000000I
.9999969I 1.000000I 1.000000I

I l—l
SPs TOTAL .977410

Table V. SSU Remainder Reliability Summary

CUTTrAIL MTs BOX ETcm 19TR2WT IRT~ mu
I B-K I ~9TIDs lCTCLEl (rITS)i RLSLTTl A(3NS IPs IPs IPs I
l— I l— l— I—l—

6.11SS0 EPC
l— l—

I 100.OCI
—1

4191 .90180491 / I
I 6.2ICOMMAND DE~CR I 100.O9I 215.421 .9904036I 1’ I

ISOS-TVTAL EPc/cDKsAsD *coDSR I I I .97257951 2/2 A ! I I .99924S1
I 6.3IWATCR CXT SXTE~AL I 100.OSI 16.321 .99928501 2/1 A I I .9999991
I 6.4IHEATER CRT INTERSU I 100.O*I 16.32I .9992S501 2/1 A I I
I I I I

.9999991
I I I I

I
I

6 .5tVOTt CR? INPUT OP-AJ6P36cA I 100.O*I 4.451 .99980501 1’ I
I 6.6(VOTE CRT INPUT OP-ASP NC B I 100.O*I 4.451 I
I 6 .7tWE UT INPUT OP-AI(PMC C

.999s0501
I 100.O*I

/
4.451 .99900501 i I I I

I 6.SIVOTE CR? o GATE MC m I 100.O*I 2.091 .99990s4I I
I 6.91WTE CK? O GATE MC S/’C I 100.O*I 2.091 .99990s4I I I I I
I 6.10 IVOTZ CST O OATE MC W I 100.0*1 2.091 .99990s4I I
1 ISUBTOTAL WTS CXT3- WmITIOMAL I I I ) I 1
I I I

1 -999990I
I

I 100.08;
I I

I 6.11IVDTE CRT OROOSD 1S0 R261STOR .261 .9999886I 2/1 A X2I I
I

I 1.0000001
I I I I I I l— I

SSU RSSAINDER T~AL .999237
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Table VL PDU Rehbiity Summary

EUT7 ?Au RATS Sox STDBY INT- INT9NDY FIUAL
I B~K I DSRCR2PTION I CYCLS I (FITS) I RLBLTY I AC?IVS I Ps I PS i P* I
l— 1 l— l— l— l— l— I—1—l
1“ 16.11Pm BX
I 16.21CORKAND DSWDXR W/CLA16PS
I ISOS-TOTAL.cPczmPssAND DSCODSR
I 16.31CAPACIYQRBANK 64/61
I 16.4ICDRASSNTBRUNT BPC1
I 16.51CORIUNT SSUNT BPC2
I 16.61COR3SSNTSSOST SOLAN ARRAY 1
I 16.71C036RSNTSSONT SOLAR ARRAT 2
I 16.OICOmT SRONT rAuLT ~=SuT
1 16.9107RRXNTSSOSTS INSTRDH2NTS
I ISOSTOTM SNOSTS
I 16.1OII5-TER =T UTSRUAL
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I 16.121140LTIPHASE UDCS/PAXL WY
I 16.131SP2DEC0STRDLLS3t(C031DITI061AL)
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I 16.151V/T DIVXDXR 2
I 16.161VOTE~ 1 =OSD 1S0 PJ261BTOR
I 16.171VOTE~ 2 ~D 1S0 RZSISTOR
I 16.181m ~ 1 SPC CONTmL
I 16.191-E CXT 2 SPC CONTROL
I 16.20[sIMCLSSUS INSOLATION
I I

I 100. O* I
I 100. OCI

I I
I 100.O*I
I loo.otl
I Zoo.oel
I 100.O*I
1 100.O*I
I 100.O*I
I 100.O9I

I 100.04;
I

I 100.0*1
I 100.OSI
I
I 100.O*’I
I 100.OSI
I 100.O9I
I loo.oml
I 100.OCI
I loo.oal
I 100.O*I
I I

4191 .9s100491 I I I I
241.401 .9S94729I I I I

I .9714694I 2/1 A I .999106I
9.431 .9995S68164/61 A I ! ; 1.0000001
5.521 .9997501i 2/2 A I .99999991
5.52I .9997ss1I 2/2 A I -9999999I I
5.52I .99975S1I 2/1 A I .99999991 I
5.52I .9997501I 2/1 A I .9999999I
5.52I .9997581I 2/1 A I .99999991 /
5.521 .9997581I 2/1 A x7 I .9999999 I II

j .9999997I I I 1.000000;
16.321 .9992S501 2/1 A I ; .9999991
16.321 .9992850I 2/1 A I .9999991

224.271 .9902195 I 2/1 A I i i .9999041
ISPDRT I I I I I .999990 I

4.461 .9998046 I 2/2 A I I I 1.0000001
4.461 .99980461 3/2 A I I [ 1.000000I
.261 .999980612/1 A S21 I 1.000000I
.261 .99998S612/1 A S21 i I 1.0000001

4.461 .9998046] 4/3 A I I I 1.0000001
4.461 .99902461 4/3 A I I 1.000000I

11 .99995621 2/1 A ( / I 1.0000001
I I I l— i

Pm ToTAL .999070

Table VII. Battery Assembly Reliability Summary

* CAN TOLSRATP.1 CSLL rAILSD OPEM OR 1 CSU rAILSO SSORT PER SATTSRY
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1
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I
I

/

/

I
I
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1 I
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Table VIIL Individual Battery
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5.2 Propulsion Subsystem (PROPS) Reliability Assessment

5.2.1 Description

The PROPS is divided into primary and redundant branches with fully redundant Propulsion
Module Elec@onics Assemblies (PMEAs), attitude control thrusters, and latching valves.
Functicmally redundant and cross-strapped delta-V thrusters are utilized to meet all EOS orbit
acquisition and maintenance requirements. AU subsystem commands are received by the PMEA
which provides signal conditioning and control functions nxpdred to drive the thrusters, heater
circuits, and latching valves. Power conditioned from 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 40.6-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 falters, and a pmsure transducer. 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 conjuration pexmits loading and
unloading of the subsystem in eirher a vertical or horizontal positions. Engine half-systems are
interconnected by a cross+oupling manifol~ which makes available the full propellant load to
either set of thrusters. Latching valves can are utilized 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.

A thermal balance method is IItilized to provide an extremely accurate estimate of fuel remaining
and allows periodic updates with increasing accuracy throughout Spacecraft life. This
non–intrusive application of the existing thermal control and telemetry subsystems is based on the
change in temperature of the tank and fuel system ovw a given period of time. Since propellant mass
is the only variable in the tanldfuel system following pressurization lockout, the specitlc 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 O.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 (PVT) method and the
book-keeping method.

The PMEA provides signal conditioning and control fimctions required to drive the monopropellant
thrusters, heater circuits, 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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The Electrical Power Conditioners receive primaxy and redundant 120 V fused power and return
feeds from the 120 V fuse distribution boxes. Elecrncal isolation shall be maintained between the
redundant feeds. The EPC’S output interfaces directly to the 28 V FDBs before being distributed
to propulsion mdule components.

The EPCS and some of the thexmal control components are technically part of the EPS and the TCS
but are included as part the propulsion module. In the Spacecraft reliabfity assessment these
components are included with the PROPS calculations because a failure of one of these components
would directly impact the operation of the PROPS.

5.202 Functional Block Diagram

The propulsion module functional block diagram is shown in F@re 7.

The propulsion subsystem schematic is shown in Figure 8.

5.23 Reliability Block D~

The propulsion subsystem reliability block diagram is shown in Figure 9.

5.2.4 Equipment Redundancy

The propellant tank and the fuel lines aRnon-redundant serial elements in the reliability model. The
failure of these components will result in the loss of the mission, however, the chances of a faihue
is extremely remote.

The service valves have redundant seats to prevent the loss of propellant. The service valve seats
are shown in 2 for 1 active redundancy.

The fuel filter, latch valves 5 lbf REAs, 1 lbf REAs, PMEA and the 120V/28V EPCS are modelled
in 2 for 1active redundancy. The failure of any of theses components will result in the loss of a single
half thruster system. The back-up half system would then be used for the remainder of the mission.

The thermal control components: fuses, thermostats, heater elements, HCES are modelled in a 2 for
1 stand-by redundancy conilguration.

The current reliability model reflects a conservative approach to the reliability assessment because
the cross-strapping of the 5 lbf REAs with the PMEA is not accounted for in the model. Only one
set of 5 lbf thrusters (1 & 2 or 3 & 4) are required to survive for mission success. This will not have
a significant impact a the overall subsystem Ps estimate. During the detailed design phase the
reliability assessment will be nwised to account for the redundancy if in is determined to be
necessary.

The thexmal control section of the reliability model is slightly optimistic. T’he reliability model
shows complete cross-strapping of the primary and back-up thermal control components. In the
current design all of the primary thermal control components (HCEs, thermostats, heater elements
etc.) m power by the primary PMEA. The back-up PMEA does not supply power to the primary
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Figure 8. Propulsion Subsystem Schematic

thermal control components. Therefore, if the primaxy HCE were to fail, all of the primary thermal
control equipment would then be unable to be powered. However, the back–up PMEA could then
be turned on to power the back-up thermal control equipment, and the option would be available
to then turn the back-up PMEA off and turn the primary PMEA back on again. Once again during
the detailed design phase the reliability model will be revised to reflect this information.

The pressure transducer is not included in the reliability assessment, The pressure transducer is
considered non+itical to the reliability mission success criteria for the program.

5.2.5 Equipment Failure Rates

The majority of the PROPS subcontractor supplied reliability data was not available for this version
of the Spacecraft reliability assessment. When the data becomes available it will be incorporated into
the PROPS reliability assessment. The failure rates which were used in the PROPS reliability
assessment are described in @e following paragraphs.
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The following component failure rates are not accounted for in MIJAIDBK-217. The failure rates
were either taken horn previous Martin Marietta Astro Space (Astro Space) programs or were based
on engineering judgement fkom past experiences. The source of the failure rates for the components
not included inMIL-HDBK-217 are shown below.

a.

b.

c.

d.

e.

f.

g“

h.

Propelhnt tank FailuxErate = 25.2 FITs. The failure rate for the propellant tank was
based on the number of inches of weld. From previous programs, the faihue rate for a
weld was 0.6 FITSper inch. The propellant tank has a circumference of 42 inches. There
is a total of 42 inches of welds. ‘f’herefonx 42 inches x 0.6 FITS/inch= 25.2 FITs.

Service valve seat Failure rate = 50 FITs. his failure rate was used on a previous
program.

Fuel lines Failure rate =50 F.113.This failure rate was used on a previous program.

Fuel filters: Failure rate =24 F1’Ik.This faihm rate was used on a previous program.

Latch valve external leakage Failure rate -49.665 failures per 109operations. This
failure rate was used on a previous program. The failure rate for the latch valve is based
on the number of operations. For this reliability estimate, 1000 cycles were assumed.

Latch valve closwk Failure rate -13.225 failure per 109 operations. This failure rate
was used on a previous program. The failure rate for the latch valve is based on the
number of operations. For this reliability estimate, 1000 cycles were assumecL

Rocket Engine Assembly Failure rate = 120 Fl13: This failure mte is based on
engineering judgement fkomexperience with other program. A failure rate of 120FI’Ik
gives a calculated reliability of Ps -0.995 fora 5 year mission. ThisPs estimate is in line
with REAs which are used on other programs. A subcontractor reliability assessment
will be performed for the EOS mission and the results will be incorporated into the
Propulsion Module reliability assessment.

Heater element: Failure mte = 5 FITs. This failure rate was used on a previous program.

The PMEA failure rates reflect the PMEA PDR design.

5.2.6 Updates to the Reliability Assessment

The following sign~lcant changes have been made to the previous Spacecraft Bus, subsystem and
individual component PDR reliability assessments:

a. The quantity of 5 lbf REAs has lxxn reduced from eight to four.

5.2.7 Probability of Success (i%) Summary

The calculated PROPS Ps for the launchhscent mission phase is Ps = 1.0000Oofor 0.5 ho~.

The calculated PROPS Ps for the pre+perational mission phase is Ps -=0.999999 for 120.5 hours.
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The calculated PROPS Ps fcx the operational mission phase is Ps -0.990089 for 5 years.

5.2.8 Failure Rate Details

Table IX shows the propulsion subsystem operational mission phase reliability summary

Table IX Propulsion Subsystem Reliabfity Summary
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503 co remand and Data Handling Subsystem (C&DHS) Reliability Assessment

53.1 Description

The command and data handling subsystem (C&DHS) provides onboard computing resources to
accomplish Spacecraft control and digital communications in support of inter-module,
intra-subsystern, and inter-subsystem data tiic. It is responsible for the baseband handling of all
uplinked command data transfers received from the communication subsystem (COMMS) and for
coordinating the telemetefig of all Spacecraft and Instrument-generated data to be downlinked
through the COMMS or hard-lines.

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

a.

b.

c.

d.

e.

f.

f!

h.

Distribution of realtime and stored commands generatedon the groundorby the onboard
software.

The periodic collection of Spacecraft Bus telemetry and Instrument housekeeping
telemetry and the fcmnatting of these data fortransmission 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 semice, standard time service,
and precise time service

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

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 fromho subsystem sensordeffectors 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 ancilkuy data message to the onboard
Instruments and transmitting it to the ground for ground system use.

The major components of the C&DH subsystem and their primary function am listed in Table X.
Control of most Spacecraft functions is provided by redundant Spacecraft Controls Computers
(SCCS)that are part of the C&DH subsystem. The SCCSare nominally conf@ured as one active and
the other as cold-standby. However, the Spacecmft can operate with both SCCS powered-on for
diagnostic operations. The commamihelemetry intexface unit (CTIU) provides the communication
interface for upl.inked commands and the housekeeping telemetry. The command and telemetry bus
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(C&T bus), which is the onboard communication link between the CTIUs, BDUS,and instruments,
is a redundant smial data bus. The SCCS utilize the controlling CTIU for Spacecraft command
dishibution and receives C&T bus data gathered by the CTIU. On each bus, one CTIU (active) acts
as the bus controller, the other CTIU (hot standby) acts as a remote terminal, and all other nodes ‘
am con@ured as remote terminals (RTs).The bus data units (BDUS),residing near Instruments and
within housekeeping equipment modules, provide the monitoring and control services to their
associated instruments or Spacecraft components. Standardized inputioutput (I/O) circuit modules
interface the BDUS to sensors, effecters, and other units.

Dedicated point-to-point data links camy high-rate instrument data to the Science Formatting
Equipment (SFE). The SEE genemtes 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 CTIUs are R~.

Table X. C&DHS Major Components

I Subsystem Component I QtY I Major Function I
‘Spacecmtl@ltrOlsCcfnputa(sCc) 2

Command and Telemetry Interface 2
unit (CITu)
Bus Data Unit (BDU)- Housekeeping 6

Bus Data Unit (BDU)- Propulsion 1
I

FSWS software processing resource, only one powered I

Central compment for Spacecmft commanding and
telemaxy generaticxhcudy one active

Interface to housekeeping equipment for cmtmand
distxibuticmand telemetry gatherhg frondto the CITU

Interface to Prqxdsion Module fcr command distribution I
and telemetry g-tiering fmnho the CITU I

Bus Data Unit (BDU)- Insmment I 3 IProvides point-topointinterfacesfor criticrd and I
I I Iconfiguratirm type commnds and telemetry I

IScience Famattm g Equipment (SFE) I 1 IReceives, multiplexes, fmmats, and routes science and
housekeeping packets I

I%lid State Recorder (SSR) “

1--:= IStorage of housekeeping data for anomaly resoluticm

Storage of formatted frames prim to playback to SFE I
5.3.2 Functional Block Diagram

The C&DH subsystem is distributed throughout the EOS-AM Spacecraft with interfaces to all other
subsystems and to the Instruments. The functional block diagram of the C&DH subsystem
components showing how they m distributed about the Spacecraft is shown in Figure 10.

5.33 Reliability Block Diagram

The C&DH subsystem reliability block diagram is shown in Figure 11.

The Housekeeping BDU reliability block diagram is shown in Figu~ 12.

The Instrument BDU reliability block diagram is shown in Figwe 13.
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The Propulsion Module BDU reliability block diagram is shown in Figure 14.

5.3.4 Equipment Redundancy

The SCC is in a 2 for 1 standby redundant conilguration. The CITU is in a 2 for 1 active
cotilguration. The BDUS am internally standby redundant. The SFE and the SSB are internally
redundant.

In the current design the CTIU is providing power to the master oscillator in the communications
subsystem. The loss of one CTIU will result in the loss of the corresponding master oscillator. The
cuxrent reliability model is slightly optimistic in that it does not reflect this specific cotilguration.
The overall impact to the Spacecraft reliability should be minor. During the detailed design phase
a detailed reliability model will be developed to account for the C’ITU/masteroscillator dedicated
connection.

5.3S Equipment Failure Rates

The SCC faihm rate is based on the subcontractor’s (Honeywell) PDR reliability assessment. The
SCC reliability estimate is Ps = 0.9406 for 5 years.

The CTTUfailure rate was calculated in accordance with the requirements of MIL-HDBK-217 and
reflects the PDR design.. The CTIU Computer Assembly (CTCA) faihm rate was based on a
reliability allocation of 0.96 for 5 years.

The BDU failure rate was calculated in accordance with the requirements of MIL-HDBK-217 and
reflects the PDR design. AU telemetry functions were considered critical in the reliability
assessment. There is a possibility the majority of the telemetry functions can be considered
non-critical to the overall mission operations. This should help improve the overall BDU and
C&DH subsystem reliability estimates.

I-X2-I

Controller
Command

EPc Relay Telemetry Serial Relay
Electronics out Cmdmm Cmd 2

4

l----i

Controller
Command

EPc Relay Telemetq serial Relay
Electmmics out Cmd/Tlm Cmd

F@re 14. Propulsion Module BDU Reliability Block Diagram
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The SFE failure rate is based on the SFE reliabili~ allocation of 0.95 for 5 years. The SFE
subcontractor (Fairchild) has pdormed a pxdhninary estimate using Grade 2 parts and state they
can meet the 0.95 reliability allocation requirement.

The SSR reliability a.lbcation is based on the previous High Rate Tape Recorder (HRTR) reliability
estimate of 0.92 for 5 years. This reliability allocation is conservative for the SSR. The SSR by
design should be more reliable than the HRTR. The SSR will not have the moving components like
the HRTR did and will have sufficient internal redundancy to ensure reliable opem.ion. The SSR
will consist of two identical, rtdundant Data Controller Units (DCUS), from one to five identical
Data Memory Units (DMUs) and necessary intmonnecting cables.

5.3.6 Updates to the Reliability Assessment

The following sign~lcant changes have been made to the previous Spacecraft Bus, subsystem and
individual component PDR reliability assessments:

a. The CTIU is no longer internally redundant.

b. The quantity of BDUS have been reduced from 15 to 10.

c. The internal BDU 1553 interface and the user interfaces are no longer cross-strapped.
The BDU is external I/O redundancy.

d. The SSB and HRTR have been replaced with the SSR.

5.3.7 Probability of Success (1%)Surnmaqy

The calculated C&DHS Ps for the launchkscent mission phase is Ps = 0.999999 for 0.5 hours.

The calculated C&DHS Ps for the pre-operational mission phase is Ps = 0.999998 for 120.5 hours.

The calculated C&DHS Ps for the operational mission phase is Ps -0.820121 for 5 years.

5.3.8 Failure Rate Details

Table XI shows the C&DHS operational mission phase reliability summary.

Table XII shows the CIT(.Joperational mission phase reliability summary.

Table XIII shows the Housekeeping BDU operational mission phase n4iability summary.

Table XIV shows the Instrument BDU operational mission phase reliability summary.

Table XV shows the Propulsion Module BDU operational mission phase reliability summary.
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Table XII. CTIU Reliability Summary
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Table XIV. Ins&mnent BDU Reliabfity Summary
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Table XV. Propulsion Module BDU Reliabtity Summary
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5.4 Communications Subsystem (COMMS) Reliability Assessment

5.4.1 Description

5.4.1.1 Communications Links and Link Parameters

Communications subsystem links bmveen the EOS Spacecraft and external elements are shown in
Figure 15. The links satisfY the functional requirements for high-rate science data dowrd.in~
Spacecraft engineering data dowrdink, 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 forward 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
opem.ions.

5.4.1.2 Communications Services

The communications subsystem supports the EOS Spacecraft housekeeping functions by providing
command reception, telemetry mnsmission and navigation services. lhnsmission of telemetry and
reception of commands will be primarily supported through the Tracking and Data Relay Satellite
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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 downlink 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.

The Ku-band equipment will provide the following functions:

a. Modulate and transmit one single 150 Mbps &ta channel via the TDRSS KSA telemetry
Return link.
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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.

/3

5.402

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

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

Modulate andtransmit baseband telemetry data on the TDRSS SSA and SMAReturn links.

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

Modulate and mansmit baseband telemetry data on the GN telemetry downlink.

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

Detect the PN code epoch on the TDRSS fonmrd link and time tag the event for Spacecraft
clock calibration processing by the C&DH subsystem.

Functional Block ~agram

The communications subsystem functional block diagram is shown in Figure 16.

5.43 Reliability Block D-

The communications subsystem reliability block diagram is shown in Figure 17.

5.4.4 Equipment Redundancy

Ku-Band Equipment - The HGA antenna components; Ku-Band feeds, polarized, reflectors are
shown as serial elements in the Ku-Band section of the subsystem model. The HGA gimbal
components; gears, bearings etc. are also shown as serial elements in the Ku–Band model. The HGA
upconvefler, TWTA, antenna control electronics (ACE), motor windings and KSA modulator are
shown in 2 for 1 redundancy. The faihue of any component in the primary side will xesult in the
failure of the primary side. The backup side would then be used for the remainder of the mission.

S–Band Equipment - The master oscillator is in 2 for 1 active redundancy. The S-Band
transponder and the SBHJ Ornni/HGA select switch are in 2 for 1 active redundancy. The SBIU
diplexer, SBIU coupler and one of the two omni antennas are in 2 for 1 standby redundancy. The
two SBIU zenith/Nadir and HGA coax switches and the two 3db hybrids are serial elements.

DAS Equipment - The DAS modulator, upconverter and the SSPA are in 2 for 1 standby
redundancy. The waveguide switch, falter assembly and the X-Band antenna are serial elements to
the DAS equipment.
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In the communications subsystem reliability model the DAS equipment is considered as a complete
backup for the Ku-Band equipment. If the Ku–Band system were to become inoperative, the DAS
equipment could be used instead for the remainder of the mission. The data transmission rates would
be lower and more ground contacts would be required, however all of the mission objectives could
still be met.

5.4.5 Equipment Failure Rates

The HGA reliability allocation of Ps = 0.985 for 5 years was used in the COMMS reliability
assessment. The HGA subcontractor (SPAR) has provided the HGA PDR reliability assessment
The PDR reliability assessment showed a calculated HGA reliability of 0.972 for 5 years which is
below the reliability requirement. There are some questions as to the methodology used in the
reliability assessment, so for the Spacecraft PDR the HGA reliability allocation is being used in the
COMMS analysis.

The KSA modulator, DAS SSPA, DAS upconverter and the DAS modulator reflect the component
PDR designs and were calculated in accordance with MIL-HDBK-217.

The S–band transponder subcontractor (Motorola) provided the PDR reliability assessment. The
PDR reliability estimate of Ps = 0.8999 with a 100% duty cycle was below the transpondm
reliability allocation requirement of 0.9232 for 5 years. In actual mission operations, the receiver
has a 100% duty cycle and the transmitter has a 20% duty cycle. For the COMMS analysis, the
transponder PDR failure rates for the receiver and the transmitter were used along with the
appropriate duty cycles for the actual mission operations.

The communications subsystem has some component failure rates which are not included in
MIL-HDBK-217. Appendix II provides a summary of these components.

5.4.6 Updates to the Reliability Assessment

The following signtilcant changes have been made to the previous Spacecraft Bus, subsystem and
individual component PDR reliability assessments:

a. The KSA modulator is now being shown as cross-strap~d with the HGA electronics.

5.4.7 Probability of Success (I%) Summary

The calculated COMMS Ps for the launch/ascent mission phase is Ps = 0.999999 for 0.5 hours.

The calculated COMMS Ps for the pre+perationa.1 mission phase is ps = 0.999894 for 120.5 ho~.

The calculated COMMS Ps for the operational mission phaseisPs=0.991634 for 5 yem.

5.4.8 Failure Rate Details

Table XVI shows the COMMS reliability summary
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5.5 Guidance Navigation & Control Subsystem (GN&CS) Reliability Assessment

5.5.1 Description

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. The pointing and navigation petiorrnance is
predicated on parameters affecting atmospheric density being within the indicated limits.

The GN&C subsystem autonomously controls the Spacecraft attitude, and maintains a navigation
state vector, which allows attitude knowledge to be provided to instruments. Attitude control and
knowledge are referred to the instrument cubes. Attitude control errors and instrument positioning
emors differentiate Pointing Accuracy from Pointing Knowledge.

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

_ senshg is provided by the star tracker for attitude and the inertial reference unit ~u) for
attitude rate. The three-axis magnetometer (TAM) senses the geomagnetic field. Backup attitude
sensing is provided by the earth sensor assembly (ESA) fbr 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
detmnination if one solid state star tracker (SSST) fails. 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. ‘IONS 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 attitu& slewing and velocity
corrections.

Most GN&C algorithms are implemented by flight software resident in the C&DH Spacecraft
controls computer (SCC). GN&C primary mode functions m 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.
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The power switching unit (PSU) supplies 28V power to the GN&C subsystem equipment.

5s2 Functional Block Dhigram

The GN&CS functional block diagram is shown in Figure 18.

5.53 Reliability Block Diagram

The GN&CS reliability block diagram is shown in Figure 19.

The ACE nAiability block diagmm is shown in Figure 20.

5.5.4 Equipment Redundancy

The reaction wheels and the ACE wheel driver circuits are in a 4 for 3 active redundancy
conilguration. The IRUgyro channels art in a 3 for 2 active redundancy con.@uration. The magnetic
torquers, the ESA and the CSS are in 2 for 1 active redundancy, The SSST and the FSS are in 3 for
2 active redundancy. The magnetometer is in 2 for 1 standby miurdancy. The ACE is internally
redundant. The ACE fmt section is a series of 2 fm 1 actively redundant functions. The second
section is a series of functions in 2 for 1 standby redundancy.

The PSU is shown in 2 for 1 active redundancy. The PSU is comprised of a two EPCs, two relay
boards and fuses. It is assumedforthis analysis that the PSUwi.llbe completely cross-strapped with
the GN&C equipment. If any of the GN&C equipment interfaces am not cross-strapped with the
PSU, the GN&C subsystem reliability estimate will be slightly lower.

5.5.5 Equipment Failure Rates

AUof the GN&C subsystem equipment with the exception of the ACE, is subcontracted equipment.
Most of the subcontractors have not gone through their PDRs yet. For these subcontractors the
reliability estimates are based on pm-PDR subcontractor supplied information. The following
paragraphs described the failure rate sources which were used in the reliability assessment:

a.

b.

c.

d.

Reaction Wheel Assembly - The preliminary subcontractor reliabtity estimate of 0.97
(for5 years) was use&The RWAperformance speci.tlcation reliability allocation is 0.95.

Inertial Reference Unit - The latest subcontractor reliability estimate of 0.9285 for
each gyro channel was used. The lRU pcxformance spccflcation reliability allocation is
0.96. (Note: As of 7/16/93 the IRU downselection has not been made official. If a
different subcontmctor is selected, this reliability estimate will need to be revised.)

Magnetic Torquers - A reliability estimate of 0.9996 for each torquers was used.

Coarse Sun Sensor - The CSS model is a simplified reliability model accounting for
the pri.nmy and backup functions at the subsyste-mlevel. A !rdiability estimate of 0.9978
for each redundant function was used.
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e.

f.

g“

h.

i.

j“

c

he Sun Sensor-The subcontractor reliabfity estimate of less than 500 FI’Ikwas used.

Solid State Star lkacker - The latest subcontractor reliability estimate of 0.94 was
used.

Three Axis Magnetometer - The subcontractor estimate of 497 FITs was used.

Earth Sensor Assembly - A failure rate for an ESA horn a previous program was used.
The ESA failure rate is estimated to be 793 FIR.

Attitude Control Electronics - The ACE failure rate was based on MIIAIDBK-217
and reflects the PDR design. Both Grade 1 and Grade 2 parts are included in the ACE
failure rate.

Power Switching Unit - The PSU failure rate was estimated based on the preliminary
functional block diagmm. The EPC failure rate was derived from the other EPC that are
on the Spacecmft. The nAayand fuse failure rates were derived from MIL-HDBK-217.

5.5.6 Updates to the Reliability Assessment

The following signi.ilca.ntchanges have been made to the previous Spacecraft Bus, subsystem and
individual component PDR reliability assessments:

a.

b.

c.

The PSU is now included in the GN&CS reliability assessment.

Made the downselection for the SSST.

Assumed the IRU subcontractor with the highest reliability was selected.

5.s.7 Probability of Success (1%)Summary

The calculated GN&CS Ps for the launch/ascent mission phase is Ps = 0.999999 for 0.5 hours.

The calculated GN&CS Ps for the pm-operational mission phase is Ps = 0.999988 for 120.5 hours.

The calculated GN&CS Ps for the operational mission phase is Ps -0.952007 for 5 years.

5.5.8 Failure Rate Details

Table XVII shows the GN&C subsystem operational mission phase reliability summary

Table XVIII shows the ACE operational mission phase reliability summary.
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1SOS RBTISATE

r
ISPCWJNT
I
I SOB S6T3SATE
I
Is5TIMTE
I
I

I
IS5TIUTE
I

I I
I I
I I

I I
I 100.0s(
I
I 100.OJ

I
/ I
I
1 100.OJ

I
I 100. OJ

I
;
I
I 100.0s1
I
I 100.OJ
I
I 100.0$;
I 100.O8I
I So.obl

I
I I

4AU. O I
1

I

I
al
I

50I
I
I

1’

500/
I

I
497I

I
793I

I
419I

91
2.141

I
1

.9947286I I I I
.971

.966006S1 4/3 A I I .9929442~
I t 1 I

.9285I 3/2 A I I .98539431
I I I

.99%495 I 2/lA X3 I I .9999996;
I I I I

.997S1111 2/1 A I I .9999952I
I I
I I I .980s975;

I
.941 ! I

.9783250; ; I
I
I 3/2A ! I .9941162~

I
.97845451 2/1 SB ] I .99974301

I I t
.965S437I 2/1 A I I .99ae333i

I I I
.981OO49I I / I
.9996057I X8 I .996E496I
,9999484J x5 I .9997421I
.97M594 I 2/1 A I I .999S360;

I I l—l
~6c ~ST= .9520076

Table XVIII. ACE Reliability Summary

. 10/28/92 EE
SA5ELINE: GRADE 1 A63DCRAOC 2 PMS

CUT7 FAIL RATE S0S STDST IN~ FINU
I 8~CXl DRSCR1PTION I610TES I cKLE I (FXTS) I $LBLTT I ACTWE I PS I p- I

I 5.5.11A5/UO m61P STATOS NON & TL.M I
I 5.5.21A7/A22 Isu RATE PROCSSSOR I
i 5.5.31A13/A28 61MEELD3t3VSR 16SZSS MODEL
I 5.5.41 A14/A29 ‘lDRQUCR ORXVSR I
I 5.5.51 A15/2 ACR R3ZAY BD tl I
I 5.5.61A30/2 ACE RELAY BO t2 I
I 5.5.71A43/2 TO~ZR TIUY MOD ASS7 I
I S.5.8lA46/2 ACE POWSR X-STRAP I
I 1 I
I l$63STmALACE (KTIV2 mm) I
I I
I 5.6.11A3/AL6 CLCCK TIMING I
I 5.6.21A21A17 Pmo3w3ss R ~ROL I
I 5.6.31A3/m8 W AR3TE66ETIC I
I 5.6.41A4/A19 PI ITP Co!sv I
I 5.6.51 A6/Ml RIu TM INT 4 ~IC I
I 5.6.6IAVA33 SHE CONTROL MP I
I 5.6.71 A9/A24 ORIVS CNTL 6 RX DIM I
1 5.6.81 A10/A2S r661EzLaTL t CONPW I

I 5.6.91A31/A26 TVROUZR CNTL I
I5.6.1OIY’SPLRVEL m66PDNCNT5
I IA12/A27 T61RBTINT NOT 0S2D /
15.6.111A44/A4S mER SGPPH I
15.6.12 lA63/A66 BNDP INPUT I
15.4.131A64/A67 .%OP PRCSSSOR I
15.6.14lA6S/A68SHDP OUTPUT
15.6.151A49/2 POSE BOARD $5sT I

1 I I
ISOSTDTW ACE (STANDBY R=ND ) I

I I I

I l“oo.obl
I IOo.otf
I
I 100.OJ
I 1.0{1
I I.otl
I 100.081
I 1.ONI
I I
I I
I I
I loo.otl
I 100.O*I
I 100.OUI
I 100.O%I
I 100.O*I
I 100.O*I
I Ioo.o\l
( 100.O*I
I loo.otl
I 100.O*I
I
I 100.08;
I 100.O8I
1 100.O*I
I loo.otl
I 100.O%I
I 1

I
I

363.9[ .984170612/1 ACT ( .99976971 I
189.91 .991712212/1 ACT I .99993131 I

I I I I I
230.71 .9899405[2/2 ACT t .99989S81
40.61 .9998063I 2/1 ACT [ 1.0000001 I
162.21 .99922S512/1 ACT I .9999994I I
1351 .994101112/1 =3’ I .99996521 I
69.7I .9996671I 2/1 ACT I .99999991 I

I I I 1
I I I .999s443I

I I I
492.51 .97864751 I I I
408.8{ .9S224391 I I
3B1.21 .9S343271 I I I
245.11 .90931601 I I
244.dI .98934631 I I I
150.31 .99343471 I I
346.71 .9S692071 I I
113I .9950600/ } I

123.61 .99459791 I I I
313.51 .9E6356SI

I I
2001 .9912733I

I I
I I I

286I .9875443I 1 I
599I .9740904I I I
59BI .9741331I I ! I
36.6I .99839731 I I I

1 I
I .81962491 2/1 SS ; I .98104451
I I I l— I

TOTM ACE .9605975 f
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5.6 Thermal Control Subsystem (TCS) Reiiabiity Assessmmt

5.6.1 Description

The EOS-AM TCS is required to maintain all Spacecraft 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 component.skuc~, e.g., low emissivity (8) tape or mtitiayer
insulation (MU) for radiative isolation, and high emissivityflow absaptivity (a) suxfaces (optical
solar reflectors) for radiators. For componen~equipment with more stringent requirements, active
thermal control methods are employed. A Spacecraf-providd capillary pumped heat tmnsport
system (CPHTS) provides thermal control of the Instrument interfaces which cannot reject their heat
locally from the instrument. Constant conductance heat pipe radiator panels are used to equalize
temperature gradients in selected EMs as well as on the CF’HTS mtitors. mere RXIUir~,
autonomously controlled heatem ensure that minimum tempera- requirements are maintid.
Heater control electronics and thermostats axeused for heater controL Key features of the EOS-W
TCS are shown in Figure 21.

Equipment Module The?mal Control
Passive TC (SilverT40n, ooatings, MLI)

Heat pipes

Autonomous heater oontrol
selective equipment layouts

on, ~atings, MLI)
ntrol
youts/positioning

High Gain Antenna Assembly
Passive TC (Silver Teflon,ooatings,

MLI)
Autonomous heater oontrol
Heater Contrel ElecWanioe
Distributed throughout SIC
Provides autonomous heater control

Distributed Housekeeping Thermal Contro

Local oontrol (radiators, MLI)
Active control (CPHTS)
Hybid (CPHTS and local oontrol)

Figure 21. TCS Key Features
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5.6.2 Functional Block Diagram

A functional diagram of the various thermal control methods is shown in Figure 22.

Caskoks kHut
Sasson Flux
Hea&ss EMs

——. .
coatings Intend ~ Heat

Insulation Dissipation
Rejdion

HeatPipes

ProvideComponent
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Control _ Heat

- Maintain Heatess APPENDAGES Flux

Tanpcmturc ————
- Lcvek C4mQdkS ~ Heat

- Gradients
Dissipation Rejection

- Transitions (
i —

_ ,S’%y%% I . ~, . H* D

i

~ Hutcss
Gm@onmJ Flux

——— — ——— —
lsolatols Heat

Active Control INSTRUMENTS~ Rejection
- Internal

MaintairIIntcskc Dissipation
TcmpcrstursLevels

1 1 ●

Accommodate Thcmsd I

Fovs
Sussoss Scnsols

Heslcss Hutws
I

~ Heat

ProvideHeat Acquisition
CmSkolk Contmllc?s

J
Plux

- — ———. ——————

MaintainColdPlate
IsolsilOxs ~ Heat

Tempcrsture:
cold Pbs

INSTRMNTS
Rejection

- Levels
CPHTS

- Gradients
Internal

Rd.ky Dissipation

+ t
Hut Host

Rejection Flux

Figure 22. Thermal Control Subsystem Functional Block D@ram
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5.6.3 Reliability Block Diagram

The TCS reliability block diagram is shown in Figure 23.

The CPHTS reliability block diagram is shown in Figure 24.

The equipment module reliability block diagram is shown in Figure 25.

The distributed housekeeping reliability block diagram is shown in Figure 26.

5.6.4 Equipment Redundancy

The thermal control subsystem by design is fully redundant using both active and passive thermal
control techniques. The CP~ is fully mh.mdamt. The equipment module thermal control
equipment is also fully redundant. Operational heaters and suxvival heater are utilized throughout
the Spacecraft to assure reliable equipment operation. Operational heaters are assumed to have a
100% duty cycle and the survival heaters are assumed to have a 1% duty cycle. All heater primay
and backup thermistors and HCES are active while heater elements are active and backup heater
elements are in standby.

The propulsion module and the battery assembly thermal control equipment are included with the
propulsion subsystem and the battery assessment reliability assessments respectively.

5.6.5 Equipment Failure Rates

The thermal control subsystem has some component failure rates which are not included in
MIL-HDBK-217. Appendix II provides a summary of these components.

The HCE and thermistor failure rates were derived fcmn MIIAIDBK-217. The heater element
failure rate of 5 FI’Ikwas used on a previous program.

The failure rates for the CPHTS equipment were based on engineering judgments IYom
comparisons to equipment from previous Martin Marietta Astro Space programs. The CPHTS
subcontractor J?DRreliability assessment did not provide enough detailed reliability information for
use in the Spacecraft PDR analysis.

5.6.6 Updates to the Reliability Assessment

The following signticant changes have been made to the previous Spacecraft Bus, subsystem and
individual component PDR reliability assessments:

a. VCHPS have been eliminated from the design.

b. The HCE failure rates have been revised to refleet the HCE PDR designs.

c. The quantities of the thermal control equipment have changed.

5.6.7 Probability of Success (Ps) Surnmmy

The calculated TCS Ps for the launchhscent mission phase is Ps -0.999999 for 0.5 hours.
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1* 2* 3* 4* 5* 6* 7* 8* 9* 10

k%:.:P Operational
Duty Cycle Phase

Block # Equipment Description (%) FITs Ps PS(5YRS)

1 Capillary Pumpccl Heat Transport System (CHPTS) 100 ** 0.999990 0.999053
2 Recorder Equipment Module 100 ** 1.000000 0.999985
3 Power Equipment Module 100 ** 1.OOOOOO 0.999999
4 GN & C Sensor Equipnlent Module 100 ** 1.000000 0.999983
5 ConNn/C&DH Equipment Module 100 ** 1.000000 0.999971
6 RWAEquipment Module 100 ** 1.000000 0.999984
7 DAS Panel 100 ** 1.000000 0.999991
8 Distributed House-keeping thermal control 100 ** 1.000000 1.000000
9 Multi layer insulation (MLI) 100 PS-O.9999 1,()()()()()() 0.999900
10 SilverTeflon tape 100 Ps= 0.9999 1.000000” 0.999900
11 Propulsion Module 100 ***

12 Battery panel 100 *** — —

T(X.3reliability prediction 0.999989 0.998766

TCS reliability allocation 0.998

* Internally redundant
** See separate reliability block diagram
***Covered under Propulsion and Electrical Power subsystems

Figure23.Thermal Control Subsystem Reliability Block Diagram
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w5 For 4

Block #

;
3
4
5
6
7
8
9
10
11
12
13
14

Equipment Description

Heat pipe spreader (TIR 3/2, SWIWMOPITT 5/4)
Heat pipe header
Heat exchanger
Non-compressableg astrap &pressure switch
Reservoir
Reservoir operational heater - thermistor
Reservoir operational heater - HCE ~pe 3)
Reservoir operational heater - element
Fill / drain valve seal
Transport lines & flex lines
Cold plate capliiary pumps
Cold plate survival heater - thermistor
Cold plate survival heater - HCE (Type 2)
Cold Dlate survival heater-element

Duty Cycle
(%)

100
100
100
100
100
100
100
100
100
100
100
1
1
1

FITs

5
5
15
100
30
.525
88.3
5
70
120
25
.525
40.2

r

Figure 24, CPHTS Reliability Block Diagram



HCWThermistor/Element CCHP CCHP HCE/Thermistor/Element

+x3-~, ‘~X3.—l 8 for 7 4 For 3 *X34 +X~ +X2~

t-x2-1

1- Recorder Module ~ - Power Module ~ _ GN&C Sensor Module_

HCWThermistor/Element CCHP HCWThermistor/Element

r

Figure 25. Equipment Module Reliability Block Diagram
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+X3+

*Instntment BDU~
Heaters

I I Duty Cycle I
Block # I Equipment Description I (%) - I FI’lk

9
BDU survival heater- thermistor

; II
1 .525

BDU survival heater- HCE (Type 2) 1 40.2
3 BDU survival heater – element 1 5 r

Figure 26, Distributed Housekeeping Thermal Control Reliability Block Diagram
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The calculated TCS Ps for the pre+xxational mission phase is Ps = 0.999989 for 120.5 hours.

The calculated TCS Ps for the operational mission phase is Ps = 0.998766 for 5 years.

5.6.8 Failure Rate Details

Figure 23 shows the TCS operational mission phase reliability summary.

Table XIX shows the CPHTS operational mission phase reliability summary.

Table = shows the equipment module operational mission phase reliability summary.

Table XXI shows the distributed housekeeping operational mission phase reliability summary.

Table XIX. CPHTS Reliability Summary

cPirrs 00T7 FAIL NATE SOX STOBY INTRMD’T

I BLOCSI
3’It4AL

DESCRIPTION I =CLE I (FITS) I -L= I =Im I p. I pO I
—— I l—

i’
l— l— l—l—— ——

1 IKEAT PIPE SPRSAOZR (TIR 3/2, S$IIPWP2PITT5/4)I 100.OaI
1

51 .99978091 5/4 A I ; .9999995\
2IIPSATPIPE WSADER I 100.O*I 5I .9997s091 I I I

I 3IBEAT EXCEA3JGXR I Ioo.otl 151 .99934281 I
4IWON-COSSP6ZSSASLSGAS TRAP 6 PXXXSORJ26HITCII I 100.O*I 100I .99562711

/
I I

51Reservoir 1 100.O*I 301 .99S6S61I I
I 6IP2ss5bQIR OPUUTIOKAL SEATER - TSXF2UETOR I 100.O*I .S251 .99997701 1’
I

1’
71RZ6ERVOIROPCRATIOMALESATZR - KS TYPS 3 I 100.OSI S8.31 .99613771 I I I

I OIREszPWOIR0PS3UTIOSALXSATSR - XLX6CXT I 100.O*I sI .9997809I I I
91rILL/DRA2NVALVE SsAL I Ioo.oal 701 .996937012/lA x3 I .99997191

; 10ITRAsSPORTLISXS b PLSX LIAISS I 100.0-1 1201 .99475481
1

/
IIICOLD PLATE apnz,xm Pmrm I Ioo. otl 251 .99890501 I

1 12ICOLD PLATE SORVIVZL EsATCR - TsSM2SWR I I.O*/ .5251 .99999751 X4 I .99999001
I 13ICOLD PLATE S02T=WAL EsATZR - KS TTPZ 2 I 1.081 40.21 .99980001 x4 I .99923221
I 14IC12L0PLATE SORVIVAL EXATER - E~ST

/
I 1.0*1 51 .9999761I

I ISOS-TOTAL I
I .9999045I

I .98221791 2;M I I .99968391
ISIUCLZ CPSTS I i I I 1 .9996S33I

I ITOTAL CPSTS I I I I I .9990503I
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Table XX Equipment Module Reliability Summary

f

I

/
I
I
I
I

I

I
I

/

I

I

I

I

I

/

I
I
I

:

I

I

I

I

I

I

I
I

I
I
I
I
I
I

MUIP~MT 310ML.C WT7 ?AIL RATE MX 9TD9T IRT_ FIuAL
I 8-1 DESCRIPTION I C7CLR I [rITS) I RLSLTY I A’=ws I Ps I Ps I
1— I l— l— l— l— 1— ——1I

IRSCOROSR 310DOLC
1 I0PERA7XOMAL sXATER TgCR!I16TOR
210PRRA?XOMALSXATER ECE TTPE 2
3IoPERATIONAL KSATER SLmmT
ImkTmU

4IsORVIVAL BShTSR TECMISTOR
513URVXVALXSATRR ECE TYPE 2

6ISORVIVAL SSATZR CLR3M?T
IS09-TOTAL

7I~RDER MODUS CCSP
ISOS-TmAL RRCORBSR ~MLS
I
IPowm PlomL.c

SJ19CWXR310MLE CCSP
91SORVXV4L KSATSR TRSRNBTOR

10160RVIVALSEATER SCE T7PE 2
11ISORVIVAL XEATER ELEIUUT

ISOS-TOTAL
ISOS-TOTAL POXER MOKILE
I
IC5iccSENSOR mmx.x

1210PU?ATIONALISATRR TXlX2fIRTQR
13 IOPI!PATIW4L SSATSR XCE T7PE 2
1410PE~TIONAL SSATER SLSSSST

IS09-T07AL
1SISORV2VALSXATXR TRS92URTOR
16160RVXVAL SEATER KS TTPE 2
17160WW SSATBR 5z4P36s14T

ISOS-TOTU
IS09-TDTU 6RMmR SOOULR
I
Ia2RMn4DS 6nmu5

1810PERATIONALXSATSR TSIM(ISTQR
1910 PCRATIWAL XSATSR Scs TTPE 2
20 10PCRATIWAL SXA?XR =-T

ISOS-TOTAL
21 160RVIVALXEATSR TS~I~R
22 ISUSV2VAL SsA?ss mx TTPC 2
23 I=RVWU XSATSS ~XT

ISU9-TOTAL
1909-TQT6L.MSw=E64 Noomc

L6X 260MLE
24 IOPRRXTIDSALXSA~ TS5!R1619TOR
2S10PR9ATIOMALXRATXR SCE TTPC 2
2610P3!RATIaALXEATER SLD(~T

IsO-TOTAL SUA PASCL
I
I06s PMXL

2SIoPERATImAL SXATSR THCRJ61X70R
29101kRATIoMALSXATSR XCC T7PE 2
30 10PCRATIOUAL SSATXR SLSKX21T

ISOS-T~AL
31ISORVXVAL XXATZR TSERJ41STOR
32ISORVXVU XSATZR XCE T7PC 2
331SURV2VAL EXATZR ELEKSST

ISO9-TOTU
27IX PMZL =P

I SOB-T07AL DAS PAWL

I I
I 100. OS I
I 100.OSI
I 100. O* I

/ 1.0s/

1.0*1

I 1.081

I 100. ON;
I

I I
I

;
I Ioo. otl
I 1.0s1

1.0$]

I 1.081

I
I I

I I
I 100. O$I

I loo.obl
1 loo.ml
I I
I 1.091

I I
I 100. OSI
I 100. OQI
I 100. O* I

I1’ 1.0*1

1.0*1

/ 1.0$1

I1’ I

/
I

I 100.O9I

I 100.061

I 100. O8I

I I

; I
I 100. OQI
I 100.OSI
I 100.O%I
I I
I 1.0s1
I 1.0s1
I 1.081
I I
I Ioo. obl

I I

I I I I
.525 I .99997701 : I
40.2I .99S239SI I I

sI .9997s09I
I .9979901I 2/lA x3 ‘1.99990801 ;

.52s1 .99999751 I I
40.21 .99980801 I I

5I .9999761I I I I
I .999761612/lA X3 I .99999991

sI .99978091a/lA 32 I .9999973I
I I I . 9999ss1 I

I ; I

/ I I
5 i .9997s09! 4/2A I .9999997 I

.s25 I .99999751 I I I
40.21 .99980801

5I .9999761I
I .999781612/lA X3 ; .9999999! ;
I I I I .9999996I
I I I I

I I I I I
.s25 I .99997701 i I I
40.2 I .99 S23981 I I

s I .9997909 I I
I .997998112/lA X4 I

.s2s1 .99999751
40.21 .99980001 /

5I .9999761I I
I .9997S1612/lA X2 I
1 I

i
: I

.525I .99997701 ;
40.21 .99023991 I

5I .9997809I
I .99799s1I 2/3A x7 ‘1

.S25I .9999975I I
40.21 .99990901 I

SI .9999761I I
I .999781612/3A X2 I
I

!I
I

.s2sI .99997701 !
40.21 .99923981 I

sI .9997s091 I
I .9979981I 2/lA x4 I
I I I

I
.5251 .99997701
40.21 .99823961 /

I
.99999401

I
I

.9999999I
I

I
.99997191

I

I
.9999999I

I
I

I

51 .9997609I I I
I .99799S1I 2/lA X2 I .9999920I

I

I
I
I

.9999039!
I

I
I

i

/

.99997191

;

I

.9999s401
I

I

.s2s1 .99999751 i I I
40.21 .99900901 I I 1

5I .9999761I I I I
I .9997016I 2/lA X2 I .9999999I I

5I .9997009I 4/3k I .9999997I I
I I I I .9999916I

Table XXL Distributed Housekeeping Reliability Summary
●

DISTRISUTXD SOOSI-XXEPIWG MTY FAIL RATC 90X STORY IWTRHM FINAL
I Bucxl DssaIPTIoN I CTCLE I (FITS) I RL9LTT I ACTIvE I PS I Pa I

I 1I60RV2VAL XX4TER ?EERKISTOR I I I I
I

1.081 .5251 .99999751
21SURVIVAL XXATER 54CET7PE 2 I 1.081 40.21 .99980001

I 31SORVIVAL XSATER PJ,XSRUT I 1.081 5I .999976LI I I I
I IS09-TV7ALIMSTmKEPJTSmS 1 I I .9997816I 2/lA X3 I I .9999999I
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5.7 Structures and Mechanisms Subsystem (SMS) Reliability Assessment
,

5.7.1 Description

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-of-view (FOVS), and pointing stability. The SMS includes the ~lease and deployment
mechanism for the high-gain antenna. The SMS also provides the interface to the launch vehicle
separation system.

5.72 Structures

The EOS-AM Spacecraft structure consists of the primary structure, EMs, equipment panels,
instrument accommodation structures, and other seeondary structures which support harnessing and
components mounted to the primary structure.

The Spacecraft structure is ~ included in the Spacecraft reliability assessment. The Spacecraft
structure is assumed to have a 100% probability of success, sine% as part of standard desi~
practices, the structure will have sufllcient margins to preclude the possibility of any failures.

5.72.1 Restraint/Deployment Mechanisms

The HGArestraintideployment system is cumently under evaluation formdesi~. For the Spacecraft
PDR the following baseline deployment system was used The HGA deployment system
incoqnates a graphitdepoxy boom with a spring+iven hinge to achieve the proper extension from
the Spacecraft. A damper allows for a controlled deployment away from the SpaceerafL and a
redundant spring ensures reliability.

The means for restraining the solar array assembly (SAA) will be provided by the solar may
subcontractor, however, it will likely incorpmate pyrotechnic separation nuts to achieve restraint
and controlled release. The pyrotechnic devices will employ redundant charges and electronics. The
subcontractors preliminary reliability assessment was used as the baseline in the Spacecraft analysis

The solar array is deployed using an Asuo mast cannister design. The flexible blanket amay is
deployed by fmt initiating the blanket box separation system. Once the blanket box is release~ the

array is rotated to the X–Y plane via the spring driven elevation hinge. Following rotation of the
array, the blanket box latches are released allowing separation of both halves of the blanket box.
Finally, the Astro mast motor is activated which deploys the mast, unfolding the flexible blanket
to its final position.

5.7.2.2 Solar Amay Drive (SAD)

The SAD, mounted to the zenith side of the primary structure, is a precision incremental stepping
device capable of rotating the may in a forward or reverse direction at various s~eds. A reduction
gear set provides stilcient torque to overcome the worst case solar array inertial torques reacted to
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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 intetiace to the Spacecraft.

The SAD is included in the electrical power subsystem reliability assessment. It is appropriate to
include the SAD in the electrical power subsystem analysis because the SAD is required to operate
throughout the mission.

5.7023 Launch Vehicle Separation System

The Launch vehicle separation system is comprised of six discrete separation nut systems. The head
of each separation bolt is housed in a bay 1 node fitting. The launch vehicle side of the intexface
houses the nut end and attaches to fittings which form part of the launch vehicle adapter. This system
was chosen to allow a simpler interface to the launch vehicle and was more weight eflicient than a
continuous ring interface. Separatism 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.

The Launch vehicle separation system is w included in the Spacecraft reliability assessment
because it is not considered as part of the Spacecraft equipment. However, each of the six separation
nuts are single point failures to the Spacecraft mission.

5.73 Reliabfity Block Diagram

The HGA deployment system reliability blcxk diagram is shown in F@re 27.

The SA deployment system reliability block diagram is shown in Figure 28.

5.7.4 Equipment Redundancy

The HGA deployment system contains both redundant and non-redundant equipment. The
pyrotechnic relay assembly (IRA) are 2 for 1actively redundan~ ThePRA is comprised of primary
and redundant strings of an enable relay, arm relay, fm relay, EMI falter,miscellaneous resistors and
capacitors and a pyro initiator. The negator spring is also redundant.

The following HGA deployment system components are series elements: separation nuts, damper,
potentiometer, shaft betuings and a latch. The failure of any one of these serial components could
result in the failure of the HGA to deploy, and cause the HGA system to be unusable for mission
operations. The HGA serial components are not considered single point failures to the Spacecraft
because the DAS system can completely backup the Ku–Band equipment.

The SA deployment system contains some components that are serial elements and single point
failures to the Spacecraft. The single point failures are basically the mechanical components gears,
bearings, longerons, battens, hinges, linkage assemblies etc. The failure of anyone of these
components would result in the failure of the SA to deploy correctly and would result in the loss of
the Spacecraft.
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5.7s Equipment Failure Rates

The failure rates. for the PRA components wem derived horn MIL-HDBK-217. The failure rates
for the following HGA deployment components were taken from pm.viousMartin Marietta Astro
Space programs: separation nuts, negator springs, damper, potentiometer (bearings) shaft bearings
and the latch.

The SA deployment component failure rates were supplied by the subconmctor (TRW). The failure
rates were based on subcontractor estimates. Some of the estimates were based on stresshtrength
method analyzing margins of safety. RAC document NPRD91 was also used as a source for the
failure rates.

Appendix II provides a summary of the failure rates which are not taken form MIL-DBK-217 and
the SA deployment subcontractors failure rates.

5.7.6 SMS Mission Phases

The HGA deployments and the SA deployment occurs during the pre-operational mission phase.
For the Spacecraft PDR reliability assessment the HGA deployment was assumed to occur within
24hours of launch. The SA deployment was assumed to occur within 2 hours of launch.

5.7.7 Updates to the Reliability Assessment

The following signfilcant changes have been ma&to the previous Spacecraft Bus, subsystem and
individual component PDR reliability assessments

a. The SA deployment reliability assessment is based on the SAA PDR design.

b. The HGA deployment system now has five deploymentirestraint mechanisms instead of
four.

5.7.8 Probability of Success (Ps) Summary

The HGA deployment system has a calculated Ps of 0.999985 for 24 hours.

The SA deployment system has a calculated Ps of 0.999964 for 2 hours.

The total calculated deployments Ps is 0.999950 for the pre-operational mission phase.

5.7.9 Failure Rate Details

Table XXII summarizes the HGA deployment reliability summary.

Table XXIII summarizes the SA deployment reliability summary.
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6 NOTES

6.1 Definitions

Active redundancy

Standby lWiUIldanCy

Tko or more items, all of which are on-line (powered) at the same
time. Of the total n items, mare required for success. The following
symbol represents 2 for 1 active redundancy in.the reliability block
diagrams:

‘IWOitems, one designated primary, the other backup. Initially only
the primary item is active. when the primary fails, the backup item
is switched on-line. The primaIYbeing switched off-line at the same
time. The ratio of the dormant (off-line) to active failure rate is
assumed to be 0.1. The following symbol represents 2 for 1 standby
redundancy in the reliability block diagrams:

lm 1 failure per 109hours of operation.

Series A compment or function with no redundancy.

6.2 Acronyms and Abbreviations

ASTER Advanced Spaceborne Thermal Emission and Reflection Radiometer

CERES Clouds and Earth’s Radiant Energy System

C&DHS Command and data Handling Subsystem

COMMS Communications Subsystem

DAS Direct Access Service

EAS Elecrncal Accommodations Subsystem

EPs Electrical Power Subsystem
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GN&CS

MISR

MODIS

MOPITT

PDR

Ps

PROPS

SMS

TCS

DCC072293

Guidance, Navigation and Control Subsystem

Multi-Angle Imaging SpectmRadiometer

Moderate-Resolution Imaging Spectrometer

Measurements of Pollution in the Troposphere

Preliminary design review

Probability of Success

Propulsion Subsystem

Structures and Mechanisms Subsystem

Thermal Control Subsystem
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APPENDIX r

10 CATALOG OF RELIABILITY EQUATIONS

This appendix shows the equations used in the Spacecraft Reliability Assessment for the various
redundancy conf@rations.

confizur ation

1. Series Exponential

2.Active Redundancy

2 units, equal k

3. Active Redundancy

2 units, unequal L

4. Standby Redundancy

2 units, equal k

5. Active Redundancy
m of n, equal k
m units needed
n units available

uation ID ~ uation*

Series R = e-~t

2/1 A R = 2e-Af - e-tit

2/1 UA R = e-auf + e-l~t - e-@=+A~)t

2/1 SB
[

1? = e-at++ e-~)t _ e-(J+2Jf
1

IvVNA R =~$)[e-~~~-u)[~ _e-A~

()
where ~ =

o -!)!(a)! and 0! = 1

* Note: For any of the above equations, if the DC * 1.0, calculate AE=l@C) +)LD(I-DC) and
substitute ~ for L in the equation.
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10.1

R

DC

m

RELIABILITY EQUATION DEFINITIONS

Reliability expressed as a probability between Oand 1.

Duty cycle (ratio of operating time to mission time).

Is the base of the natural logarithms (e = 2.7182...).

Failure rate expressed as failures per unit of time.

Failure rate for fmt unit “a”.

Failure rate for second unit “b”.

Failure rate while component is in a dormant (standby) mode.

Equivalent failure rate which accounts for the duty cycle. AE=MDC) +AD(I-DC)

Mission time.

Total number of units available.

Number of units needed
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APPENDIX II

20 NON MIIA3DBK-217 FAILURE RATES

This appendix shows the faihm rates that am not based on MIL-HDBK-217.

Subsys-
tem

F

1=
t=-

Component IFailure Rate ISource I
(FITs)

Handsolderconnection 0.07 MC NPRD-91data
[

solarcd II IJPLSolarAmy DesignHandbook i
slipRingBrush 40 MartinMarietta

Bearing 10 MartinMarietta
I 1

HarmonicDriveGear I10 IMartinMarietta I
HarmonicDriveOldhamCoupling 10 MartinMarietta

SlipR@ BrushFiber 40 Ma.n.inMarietta.-
1 1

StepperMuff Winding I10 IMartin Marietta I
1 1

CurrentShunts 1552 [MartinMarietta I
BusInsulation IMartinMarietta I

1 1

IRu- gyro [ (TBD-2) I I
HGAComponents ISPAR I

I

Tcs-
CPHTS

t==-

Coax Switch I10 lmttinmrietta I
I t

WaveGuideSwitch 152.3 lMattinMarietla 1,
DiPlexer Is lMaltinMarktta I
coupler I,
Omni/X-BandAntenna 190 IMaltinMarietta I

1 1

3DBHytid 17 lMarLinMarietta 1
HeatPipeSpreader 5 MartinMarietta

J

Haf PiperHeader 5 MartinMarietta

HeateXChfiIl&I 15 MartinMarietta

INon+mpressibleGasTrap&pres- 100 IMartinMarietta
sureswitch I
Resemoir 30 MartinMarietta

Fill/DrainValveSeats 70 MartinMarietta

TmnsportLines&FlexLines I 120 IMartirtMarietta I, t
ColdPlafeCapillaryPumps ]25 IMartinMarietta I
HeaterElement 5 Martin Marietta

CCHP 5 MattinMarietta
I I

MultiLayerInsulation IPs= 0.9999 IMartinMarietta I
SilverTeflonTape IPs= 0.9999 IMartinMarietta I
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Subsys- Component Failure Rate source
tem (FITS)

PROP IYcpellantTank 2s.2 MartinMarietta

StzviceValveSeat 50 MartinMarietta

FuelLines 50 MartinMarietta

FuelFilter 24 MartinMarietta

LatchValve,Leak/open 49.6 MartinMarietta

LatchValveFailedClosed 13.2 MartinMarietta

5.0LBFREA 120 MartinMarietta

1.0LBFREA 120 MaxtinMarietta

HeaterElement 5 MartinMarietta.

SMS-SA
Deploy-
ment

Diagonallacing Ps= 0.9999997

Battens Ps= 0.9999997

Lcmgerons Ps= 0.9999997

Rollerlugs Ps= 0.9999997
Ringgear Ps= 0.9999997

ISubcmtxaetor-suesshtrengthmethod

Subcontractor- stressktrengthmethod

Subcaractor- stressktnsngthmethod

Subcorttractor - stressktmtgthmethod

Subcontractor- suesWtrengthmelhcd

Piniongea Ps= 0.9999994

Bearing Ps= 0.9999994

Subcatmetor - stressbtrengthmethod

Subwntraetor-stressktxengthmethod

3-phaseDC brushiessmotor 871 NPRD-91

Limitswitch 21 Submmraetorhistory
Lidandpalletstructure Ps= 0.9999997

3-phaseDCbrushlessmotor 130

SubcOmmetor- stresshtrengthmethod

Subealtraetorhistory

camgear Ps= 0.9999994 Subcontractor- suess/strengthmethcd

Cablelockassembly Ps= 0.9999979 Subcontractor-stmsshtrengthmethod

Guidewiretensionunit % -0.9999982

Blankettensionspringassembly ps = ().999979
Subcmmractor- srresslstren=ghmethod I
Subcontractor estimate I

ElevatkmHingeAssembly seesubSDRL

Separationnutassembly Ps= 0.9999979

Subcontractorestimate I
subcontractorhistory I
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1 INTRODUCTION

l.l Purpose

The Limited Life Item List for the EOS Spacecraft Bus is presented in this report. The Limited Life
Item List contains all components in the spacecraft bus which satisfy the selection criteria delineated
in the GSFC PAR (420-024)5) and the Martin Marietta Performance Assurance Implementation
Plan (20005397).

1.2 Scope

This is a preliminary list as requtid by GSFC Data Requirement PA-560. The Limited Life Items
List is required to highlight and track design elements that maybe adversely affected by the passage
of time or by wear-out failure mechanisms. The listing will be updated as limited life items are
identified and a final listing will be provided at spacecraft CDR.

1.3 Applicable Documents

The following documents, of the exact issue shown, forma part of this specitlcation to the extent
specfled herein

20005397 EOS Performance Assurance Implementation Plan

Source: Martin Marietta Astro Space
P. O. BOX 800
Princeton, NJ 08543-0800

1.4 Definitions

Limited Life Item Any part or item that is subject to degradation because of age,
operating time, or cycles, such that their expected useful life is
less than twice the required life when fabrication, test, storage,
and mission operations are combined.

Wear-Out Mechanism A failure mechanism characterized by the degradation of a part
due to cyclic operation. Typically found in mechanical parts,
such as bearings, but also expressed by some purely electrical or
electronic parts such as EEPROM and some electro-optical
devices.
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2 LIMITEDLIFEITEMSLISTFORMAT

Table I, Limited Life Items, is tabulated with the following information:

a. The limited life item (IQ identilcation

b. The subassembly where the LLI is used in the EOS Spacecraft Bus

c. The life or cycle limits for this item

d. The requhed life/cycle limits for the item (includes requked 2x rnaqgin)

e. The parameter that is of limiting nature for the item’s application

f. The function of this limiting parameter in the EOS Spacecraft mission.

g. Refurbishment for this item as recommended by the item’s manufacturer

h. Rationale for including and retaining this item in the design.

DCC073093



Table I. Limited Life Items

tern Item Used in
No. Identifica- Subassembly

tion

Stepper HGA -
Motor Elevation and

Azimuth
Gimbals

$

I

Harmonic
Drive

1

5 IGears

6 Thermal
finish on
antenna

I1440/2744
Blend

WTA

{GA -
limbals

{GA -
Gimbals

3GA -
Gimbals

HGA -
Antenna

propulsion -
Tank

Expected
Life/Cycle

Limit

(TBD-1)
Yrs

(TBD-2)

(TBD-3)

(TBD-4)

(TBD-5)

(TBD-6)

15.6 years
(TBD-7)

Duty Limiting IJrniting Limitation 1Rational for

Cycld Parameter Parameter Refurbish- Retention

,ife Rqmt Function

with 2X)

TBD-1 Mechanical Moves

II
part wear-out antenna

assembly in
azimuth &
elevation

1 1

20 years ICathtie IKu–Band

20 years Wear/tear Movement in
elevation and
azimuth

20 years Wear/tear Movement in
elevation and
azimuth

10 years Thermal fin- Thermal
ish (atomic control
oxygen bom-
bardment)

20 years none known expulsion
mechanism
for hydrazine

ment

(TBD-1)

(TBD-2)

(TBD-3)

(TBD+

(TBD-5)

(TBD-6)

~BD-1)

(TBD-2)

(TBD-3)

(TBD+

(TBD-5)

I

(TBD-6)

(TBD-7) (’H3D-7)



Table 1. Limited Life Items

Item Item Used in Expected Duty Limiting Limiting Limitation Rational for
No. ldentifica- Subassembly Life/Cycle Cycle/ Parameter Parameter Refurhish- Retention

tion Limit Life Rqmt Function ment
(with 2X)

3 NiH2 battery Power - 48 Months 11 years electrode capacity/ non– NiHz historic
cells battery panel (@o *5”Q material performance reversible database

5 yrs in
orbit

3 Buns-N SMS - 3-5 years 3 years hardening, seal adhesive none required o-ring only
*rings Primary cracking during cure has to

Structure operation perform
during
adhesive
injection
during
structure fab.

10 Pyres Power – Solar 10 years (TBD-8) initiator release solar (TBD-8) (TBD-S)
Array (TBR) charge, array

o-rings

11 Pennzane SMS - Solar (TBD-9) (TBD-9) breakdown of lubrication (TBD-9) (TBD-9)
SHF X2000 Array Drive lubricant for bearing

12 Rheolube SMS – SC)lW (TBD-1O) (TBD-1O) breakdown of lubrication (TBD-10) (TBD-10)
2000 Array Drive lubricant for bearing

13 O-Rings Propulsion – 10 years 20 years hardening, seals in the none required Once isolated
EPR, EPDM REAs cracking pressure from oxygen

regulator and there is no
check valves known life

limiting
mechanisms
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1 INTRODUCTION

1.1 Purpose

This document describes the fabrication and assembly operations to be used in support of the
EOS-AM Spacecraft. The document includes the inspection points (Astro Space and GSI), the tests
to be performed as well as identifying any s~cial processes to be used.

1.2 Scope

This document covers the fabrication and assembly operations performed at Astro, that occur prior
to the Integration and Test activities which are documented separately in 20005405 (VRD-800). The
flow diagrams presented were developed by EOS Manufacturing Engineers with inputs from their
respective Product Teams.

The intent of this document is for the Product Teams to use the diagrams as a tool to develop the best
approach to meeting their cost, schedule and technical requirements. As the teams progress through
the detailed design phase, use of the attached diagrams will help to ensure supporting details such
as f~tures, procedures, etc. are accounted for. The flow diagrams are also used by DPRO and GSFC
to ensure customer mandato~ inspection points are properly located.

The control mechanisms for documentation and procedures used at MMC subcontractors is also
described in this document.

1.3 summary

This document provides the information related to the assembly processes required to build the
following flight hardware in support of the EOS-AM Spacecraft

Section 6.0 Printed W~e Assembly Fabrication and Test
Section 7.0 Component (Black Box) Fabrication and Test
Section 8.0 Structure Fabrication and Test
Section 9.0 Thermal Subsystem Fabrication and Test
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2 APPLICABLE DOCUMENTS

20008548 Manufacturing Plan (MD-107)
5 March 1991

20005397 Performance Assurance Implementation Plan (PA-1OO)
17 January 1992

20004280 Subcontractor Performance Assurance Requirements
for EOS-AM

20001395 EOS-AM Makc@uY Plan

20005405 Spacecraft Assembly Plan

Source Martin Marietta Astro Space
P. O. BOX 800
Princeton, NJ 08543-0800
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3 FABRICATION AND TEST OVERVIEW

The EOS Make/Buy Plan (20001395) provides a listing of hardware to be fabricated by Astro Space
Division. The “make” items will be fabricated at one of Astro Space’s fabrication facilities in
accordance with the Manufacturing Management Plan (MD-1 07, 20008548) which include: East
Windsor, Valley Forge, REC-South and REC-North. The provided flow diagrams list the facilities
to be used (where known or where a factor).

The “Buy” items are either subcontracted items or vendor items. The subcontract items are
controlled by a Performance Speci17cation, a Statement of Work and the applicable documents
which include the Performance Assurance Requirements. Vendor items are governed by the end
item drawing and the purchase order which contains the applicable Performance Assurance
Requirements.

3.1 Fabricatio~ Test Management and Planning - Subcontract Items

The subcontracted items are governed by the EOS-AM Subcontractor Performance Assurance
Requirements Dcxument (20004280) which requi.ms each subcontractor to provide a fabrication,
assembly and test flow diagram at PDR and CDR. The flow diagrams are used by MMC Subcontract
Quality Engineers to determine the location of MMC Mandatory Inspection Points (MIPs). A
detailed review of the subcontractors fabrication documents is performed during the Manufacturing
Readiness Reviews (MRR) when nxy.ired by the SOW. An MRR is typically required if the
hardware is a new design/product for the subcontractor, past experience with the subcontractor
indicates a miew is warmnted, or the item is considered a critical or high risk item to the program.

A detailed review of the implementing test documentation is performed in support of the Data
Pedigree review (DPR). The DPR is covered in detail in the subcontractor PAR (20004280).

3.2 Fabricatio~ Test Managemen~ and Planning - Vendor Items

~pically, fabrication, assembly and test flow plans are not required for vendor items. Most vendor
items are build .to print and the required MMC in-process inspection points am determined by the
Supplier Quality Engineer based on a review of the requirements for the procured item. The only
notable exception to this general practice is in the EEE parts area where it may be necessary to review
a manufactures assembly procedures for such items as hybrids.

3.3 Fabrication, Test Managemen~ and Planning -In House Items

Component level and structure assembly planning and testing is the responsibility of the
Manufacturing organization. The manufacturing organization is a member of the EOS Product
Development teams. Each EOS Product Team is supported by a Production Control (PC) specialist
and a Producibility Engineer (PE). Together, the PC and PE, ensure that parts are ordered in
sufficient time to support fabrication, that the facilities necessary for fabrication and test axe
available in the needed time frame, and that the design is producible and testable with existing
equipment (or required equipment is on order to support EOS fabrication.best schedule). The
EOS–AM program schedule requirements are integrated with other MMC programs through the
Production and Inventoxy Optimization System.
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4 ORGANIZATIONAL RESPONS~mm

The following organizations will provide the defined support for the assembly and test of the
EOS–AM components and assemblies (for in-house items):

4.1 Engineering

Engineering will provide the following:

a.

b.

c.

d.

e.

f.

g.

h.

Requirements (drawing@ecKlcation definition) for all assembly operations

Special Test Equipment (fully tested prior to mating with flight hardware)

Test Procedure (in conjunction with Test Engineering and Quality Assurance)

Participation in the resolution of anomalies

Test support for first article

Support Test Engineering in evaluation of test data results and trend analysis

Provide required analysis inputs to Vefllcation Report

Linked bill of material in PIOS and conjuration
manufacturing during the build cycle

4.2 Manufacturing

Manufacturing will provi& the following:

a.

b.

c.

d.

e.

f.

g.

maintenancdcontrol support to

Manufacturing Engineering supports and accepts designs as prcxiucible

Fabrication Work Instructions (i.e., planning, FPRs, MSIS, etc.) required to

fabricatehssemble the flight hardware

Production Control services for the timely delivery of components and hardware to the
assembly/test area

Trained operators/technicims for fabrication and test of flight hardware. Operators will
be certified for operations requiring cetilcation (i.e., soldering, ~T, etc.)

FaciMies for fabrication and test of flight hardware

Manufacturing Engineering and/or technician support for unplanned or reworkhepair
operations

Troubleshooting instructions (with Engineering and Quality Assurance support) for test
failures
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h. Perfcmn Test Readiness prior to start of component level acceptance testing as well as
prior to environmental (thermallvibmtion) testing of flight components

i. Perform data reductionlevaluation (with support from Engineering) and prepare
Verification Report upon completion of AT’P.

j. Special tooling and tool control activities

4.3 Quality Assurance/Product Assurance

Quality Asurancelproduct Assurance will provide the following

a.

b.

c.

d.

e.

f.

g.

h.

Review of fabrication work instructions to ensure proper placement of inspection points

‘Jhining and cetilcation of personnel for critical operations

Inspection of fabricated flight items in accordance with work instructions and released
drawingslspecifications

Disposition of nonconformancetifaihut.s (with suppcnt from Engineering and
Manufacturing as required)

Perform Test Readiness Reviews prior to start of component level Acceptance Testing

Test data review and fuml sign+ff for VerMcation Report

Tbol acceptance and fmt article acceptance

Coding of MRs and vendor contract support

4.4 Environmental Health and Safety

Environmental Health and Safety will provide the following:

a. Review of Test Procedures to ensure safety of operators and flight hardware during
testing

b. Review of work instructions for hazardous operations
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5 DOCUMENTATION

The flow diagrams provided in this document refer to several tierent types of documentation that
are required for various operations in the assembly/test flow. The following is a brief explanation
of each document type used in the fabrication process.

5.1 Work Instructions

Work Instructions provide the written assembly instructions including inspection and test points, as
well as the Government Mandatory inspection points for all assemblies. Work instructions have
different “titles” depending on the work site [i.e., planning and Manufacturing Standing Jnstmctions
(MSIS) at VF, Flow Procedure Records (FPRs) at EW] as well as variations in forma~ however the
information listed below is included regardless of work site.

a.

b.

c.

d.

e.

f.

g.

h.

i.

j.

k.

1.

m.

Hardware nomenclature and identilcation

Latest drawings and spedlcations required

Requirements for tooling, jigs, fixtures and associated equipment.

Characteristics and tolerances

Procedure for controlling processes, cleaning, preservation and packaging operations as
applicable.

Special conditions including environmental controls, cleanliness levels, handling of
ESD sensitive devices, life sensitive parts, etc. as applicable.

Workmanship standards as applicable.

Specflc inspection and/or test operations, if required.

Need for special handling equipment andhr protective devices.

Sign-off or stamping by manufacturing operator, inspector and authorized quality
designee (if applicable)

Inclusion of all necessary configuration verification data.

Mandatory inspection points (if applicable)

Work Instruction revision level.

5.2 Process Specifications

Process Specifications are controlled by the Engineering organization and provide the detailed
requirements for a process (i.e., adhesive application, painting, bonding, etc.). The spectlcations
include acceptheject criteria as well as process limits (i.e., temperature ramp times, cure times, etc.).
In some MMC locations, the Process Specification is augmented by a Manufacturing Standing
Instruction that provides the detailed shop instructions (i.e., speciilc tools to use).
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53 TestProcedures

Test procedures are written by Design Engineering with support from the Test Engineers. The test
procedures &fme the test set up, sequence of tests, detailed test instructions, acceptance limits,
environmental limits, etc. Where testing is to be performed using automated test equipment, the
acceptance limits are incorporated into the test software and are veritled as part of the acceptance
testing of the test equipment which is performed prior to testing of flight hardware.
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6 FABRICATION FLOW DIAGRAM FOR PRINTED WIRING BOARD
ASSEMBLIES

The following flow diagram is a generic flow for fabrication of a printed wiring board. The flow
diagrams for mass flow techniques for SMT designs will be developed in conjunction with the
certification process mquimd by the NHB and will be submitted to GSFC at a later date.
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7 FABRICATION FLOW DIAGWWIFOR EOS COMPONENH

The following flow diagram is a generic flow for fabrication of a typical component (black box).

Note: Customer mandatones will be inserted where directed.
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8 FABRICATION FLOW DIAGRAM FOR PRIMARYBECONDARY STRUCTURE

The following flow diagram addresses the fabrication and test processes for the EOS-AM primary
and secondary stmcture. A top level flow diagram provides an overview of the complete assembly
process and is followed by lower level flow diagrams that provide the &tailed flows for each
operation.

The fabrication flow diagrams for honeycomb panels (aluminum and Gr/Ep) are also included in
this section as is the fabrication process for Gr/Ep struts.
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9 FABRICATION FLOW DIAGMIVI FOR THERMAL SUBSYSTEM

The following flow diagram addresses the fabrication and test processes EDM CPHTS system. The
lesson’s learned from the EDM fabrication will be included in an updated flow diagram for the flight
fabrication at a later date. A top level flow diagram provides an overview of the complete assembly
process and is followed by lower level flow diagrams that provide the detailed flows for each
operation.
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