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1. INTRODUCTION

1.1 Identification of Document

This is the Spacecraft Design Document for the Full-sky Astrometric Mapping Explorer (FAME) Observatory spacecraft bus. FAME is a NASA Medium Class Explorer (MIDEX) mission schedule for launch in 2004.

1.2 Scope of Document

This document applies to the FAME spacecraft bus being developed by the Naval Research Laboratory (NRL).

1.3 Purpose and Objectives of Document

The document establishes the performance, design, development, and test requirements for the FAME spacecraft bus.

1.4 Document Overview

This document is organized as follows:

Section 1, Introduction: The purpose and contents of this document, and an overview of the FAME program.

Section 2, Referenced Documents: A list of documents referenced in or required for use with this document.

Section 3, Requirements
Section 4, Qualification Provisions
Section 5, Preparation For Delivery
Section 6, Notes
2. RELATED DOCUMENTATION

The following documents of the exact issue shown form a part of this specification to the extent specified herein. In the event of conflict between the document referenced herein and the contents of this specification, the contents of this specification shall be considered a superseding requirement.

2.1 Parent Documents

The following documents are parent to this document:

Order S-13610-Y
Interagency Order funding FAME mission

NCST-D-FM001
Science Requirements Document for the Full-sky Astrometric Mapping Explorer (FAME)

NCST-D-FM002
Mission Requirements Document for the Full-sky Astrometric Mapping Explorer (FAME)

NCST-D-FM004
Systems Engineering Management Plan (SEMP) for the Full-sky Astrometric Mapping Explorer (FAME)

2.2 Applicable Documents

The following documents are referenced within this volume or are directly applicable to this volume or contain polices or other directive matters that are binding on the content of this volume.

2.2.1 Government Documents

2.2.1.1 Specifications

MIL-M-38510J
Microcircuits, General Specification for

MIL-B-5087
Bonding, Electrical, and Lighting Protection, for Aerospace Systems 

2.2.1.2 Standards

MIL-STD-1522
Safe Design and Operation of Pressurized Missile and Space Systems

MIL-STD-1546
Parts, Materials, and Processes Control Program for Space and Launch Vehicles

MIL-STD-461E
Requirements for the Control of Electromagnetic Interference Characteristics of Subsystems and Equipment

MIL-STD-882D
System Safety

MIL-STD-975(M)
NASA Standard Electrical, Electronic, and Electromechanical (EEE) Parts List

MIL-STD-7179
Finishes, Coatings, and Sealants, for the Protection of Aerospace Weapons Systems

MSFC-SPEC-522B
Design Criteria for Controlling Stress Corrosion Cracking

NASA-STD-2100-91
NASA Software Documentation Standard (NSDS)

2.2.1.3 Handbooks

MIL-HDBK-217F
Reliability Prediction of Electronic Equipment

MIL-HDBK-1547A
Electronic Parts, Materials, and Processes for Space and Launch Vehicles

MIL-HDBK-1568
Material and Processes for Corrosion Prevention and Control in Aerospace Weapons Systems

NHB 1700.1B
NASA Safety Policy and Requirements Document

NHB 5300.4 (3A-2)
Soldering of Electrical Connections

NHB 5300.4 (3G)
Cable, Harness, and Wiring Interconnections

NHB 5300.4 (3H)
Crimping

NHB 5300.4 (3J)
Conformal Coating and Staking

NHB 5300.4 (3L)
ESD Control

2.2.1.4 Other Publications

EWR 127-1
Eastern and Western Range Regulation 127-1, Range Safety Requirements

GSFC 311-INST-001
Instructions for EEE Parts Selection, Screening, and Qualification

GSFC-410-MIDEX-002
MIDEX Assurance Requirements (MAR)

NMI 7120.4
Management of Major System Program and Projects

NPG 7120.5A
NASA Program and Project Management Processes and Requirements

NPG 9501.2B
NASA Contractor Financial Management Reporting

NRP-1124


SSD-D-210B
Worst Case Analysis Guidelines and Criteria

2.2.1.5 FAME Program Documents

NCST-D-FM005
FAME Product Assurance Plan,

NCST-D-FM018
FAME Electromagnetic Compatibility (EMC) Control Plan

NCST-TP-FM001
FAME System Integration and Test Plan.

Copies of specifications, standards, drawings, and publications required by suppliers in connection with specified procurement functions should be obtained from the contracting agency or as directed by the contracting officer.

2.2.2 Nongovernment Documents

ANSI/J-STD-001 through -006
High Reliability Soldering of Electrical Connections

EIA-625
Requirements for Handling Electrostatic Discharge Sensitive Devices

EIA-JEP-95
JEDEC Registered and Standard Outlines for Semiconductor Devices

IPC-C-406
Design and Application Guidelines for Surface Mount Connectors

IPC-D-275
Design Standard for Rigid Printed Boards and Rigid Printed Board Assemblies

IPC-D-279
Design Guidelines for Reliable Surface Mount Technology Printed Board Assemblies

IPC-D-322
Guidelines for Selecting Printed Wiring Board Sizes Using Standard Panel Sizes

IPC-D-325
Documentation Requirements for Printed Boards, Assemblies, and Support Drawings

IPC-D-330
Design Guide Manual

IPC-D-390
Automated Design Guidelines

IPC-EM-782
Surface Mount Design and Land Pattern Standard Spreadsheet

IPC-SM-782
 Surface Mount Design and Land Pattern Standard

IPC-T-50
Terms and Definitions for Interconnecting and Packaging Electronic Circuits

Technical society and technical association specifications and standards are generally available for reference from libraries. They are also distributed among technical groups and using Federal Agencies.

3. REQUIREMENTS

3.1 Item Definition

The primary requirements of the spacecraft bus are to place the instrument in the proper orbit, provide a long-term stable platform for the instrument to collect science data, collect and forward the science data to the ground network, and de-orbit when the mission is complete. Requirements for each subsystem are provided in paragraphs 3.2.1.1 through 3.2.1.8.1.

3.1.1 Prime Item Diagrams

The FAME spacecraft block diagram is shown in Figure 3‑1. Block diagrams for each subsystem are provided in paragraphs 3.2.1.1 through 3.2.1.8.1.
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Figure 3‑1. FAME Spacecraft Block Diagram

3.1.2 Interface Definition

Interfaces are defined in the appropriate Interface Control Document (ICD):

· NCST-ICD-FM001, Instrument to Spacecraft ICD

· NCST-ICD-FM002, Flight Vehicle to Launch Vehicle Interface Description

· NCST-ICD-FM003, Space to Ground ICD

3.1.3 Major Components List

The FAME spacecraft bus consists of the following major subsystems:

a. Attitude Determination and Control System (ADCS) (paragraph 3.2.1.1)

b. Command, Telemetry, and Data Handling (CT&DH) Subsystem (paragraph 3.2.1.2)

c. Electrical Power Subsystem (EPS) (paragraph 3.2.1.3)

d. Flight Software (paragraph 3.2.1.4)

e. Mechanisms Subsystem (paragraph 3.2.1.5)

f. Radio Frequency Subsystem (RFS) (paragraph 3.2.1.6)

g. Reaction Control Subsystem (RCS) (paragraph 3.2.1.7)

h. Structures Subsystem (paragraph 3.2.1.8)

i. Thermal Control Subsystem (TCS) (paragraph 3.2.1.9)

3.1.4 Government Furnished Property List

Government services, facilities, or property are not required for the FAME mission. All government facility use is on a “full cost recovery” basis.

j. Launch Vehicle and Launch Services: A MedLite launch vehicle is provided by the NASA Launch Vehicle Office and is funded within the FAME investigation.

k. Deep Space Network: Use of the DSN is funded within the FAME investigation.

3.1.5 Government Loaned Property List

Not applicable.

3.2 Characteristics

3.2.1 Performance Characteristics

3.2.1.1 Attitude Determination and Control Subsystem (ADCS)

The ADCS subsystem acquires a safe orientation after initial separation, orients the spin axis for perigee raising, and maintains pointing during AKM firing. Subsequently, it re-orients the S/C for all orbit trim and stationkeeping maneuvers as well as any safe hold operations. The ADCS principal function is to generate the critical scan motion required by the FAME instrument to perform its star mapping mission.

3.2.1.1.1 Spin Period

The ADCS subsystem shall provide a nominal spin period of 40 minutes +/-4 minutes during data collection for the life of the mission as stated in NCST-D-FM002, FAME Mission Requirements Document.

3.2.1.1.2 Modelable Spin Rate Variation

The ADCS subsystem shall provide spin rate variation performance of +/- 0.262 radians over 300 seconds during data collection for the life of the mission as stated in NCST-D-FM002, FAME Mission Requirements Document..

3.2.1.1.3 Sun Angle

The ADCS subsystem shall provide a nominal sun angle of 35 degrees +/- 5 degrees during data collection for the life of the mission, as measured from the -Z direction of the spin axis as stated in NCST-D-FM002, FAME Mission Requirements Document..

3.2.1.1.4 Precession Period

The ADCS subsystem shall provide a nominal precession period of 20 days +/-2 days during data collection for the life of the mission as stated in NCST-D-FM002, FAME Mission Requirements Document..

3.2.1.1.5 Modelable Cross Scan Motion

The ADCS subsystem shall provide cross scan motion of less than 6.5 pixels over a CCD crossing during data collection for the life of the mission.  This does not include errors due to CCD to FPA misalignment and instrument to principal spin axis misalignment as stated in NCST-D-FM002, FAME Mission Requirements Document..

3.2.1.1.6 Principal Axis Misalignment

The ADCS subsystem shall provide the capability to align the observatory principal spin axis to the instrument spin axis to within 150 radians as stated in NCST-D-FM002, FAME Mission Requirements Document..

3.2.1.1.7 Instrument Attitude Acquisition

The ADCS subsystem shall provide the observatory attitude knowledge capability to support instrument attitude acquisition as stated in NCST-D-FM002, FAME Mission Requirements Document..

3.2.1.1.8 Observatory Balance & Trim

The observatory balance must be such that the effect of the imbalance does not create excess spin rate variations or cross scan motion.

3.2.1.1.8.1 Center of Pressure to Center of Mass Offset Trim

The ADCS subsystem shall provide the capability to support an on-orbit balancing for center of pressure to center of mass misalignment.  The ADCS subsystem shall be capable of measuring the effect on observatory motion of center of pressure to center of mass offset above 0.1 (TBR) inches.

3.2.1.1.8.2 Principal Axis Misalignment Trim

The ADCS subsystem shall provide the capability to support an on-orbit balancing for principal axis misalignment.  The ADCS subsystem shall be capable of measuring the effect on observatory motion of principal axis misalignment above 150 radians.

3.2.1.1.8.3 Solar Precession Rate Adjustment

The ADCS subsystem shall provide the capability to support an on-orbit adjustment for precession rate due to solar pressure.

3.2.1.1.9 Operational Modes

The ADCS subsystem shall provide the capability to point and maintain control of the flight vehicle configuration at high spin rates.  The ADCS subsystem shall provide the capability to point and maintain control of the observatory configuration to support science operations, orbit adjustments, and attitude initialization.

3.2.1.1.9.1 Closed Loop Spin Rate Control

The ADCS subsystem shall provide the capability to control spin rate from 0 rpm up to 60 rpm to support spin stabilization of a prolate spinning vehicle.  The ADCS subsystem shall provide the capability to control all three body axis rates to 0 +/- (TBR) deg/sec when in either the flight vehicle or observatory configuration.

3.2.1.1.9.2 Active Nutation Control

The ADCS subsystem shall provide the capability to control the nutation angle of the flight vehicle configuration while at any spin rate from 1 (TBR) rpm to 60 rpm.

3.2.1.1.9.3 Spin Axis Precession

The ADCS subsystem shall provide the capability to precess the spin axis of the flight vehicle configuration to within 0.25 deg of the commanded orientation while at any spin rate from 5 rpm to 60 rpm.

3.2.1.1.9.4 Inertial Pointing

The ADCS subsystem shall provide the capability to point both the flight vehicle and observatory configurations to any inertial attitude within 0.05 (TBR) deg.

3.2.1.1.9.5 Data Collection Mode

The ADCS subsystem shall provide the capability to precisely control the observatory attitude and rate such that it meets the spin period, sun angle, and precession periods requirements identified above.

3.2.1.1.9.6 Safe Mode

The ADCS subsystem shall provide the capability to safe the flight vehicle and observatory configurations.

3.2.1.1.10 Sensor Processing

The ADCS subsystem shall provide sensor and sensor processing to support data collection and support control modes.

3.2.1.1.10.1 Attitude Solution

The ADCS subsystem shall provide an attitude solution to the instrument as a starting point for instrument attitude acquisition.  The ADCS subsystem shall produce an attitude solution to support alignment calibration with the instrument.  The ADCS subsystem shall produce an attitude solution to support flight vehicle and observatory attitude control modes.

3.2.1.1.10.2 Rate Measurement

The ADCS subsystem shall provide the capability to measure or estimate the observatory body rates to support instrument attitude acquisition.  The ADCS subsystem shall provide the capability to measure or estimate the observatory body rates to support observatory on-orbit balancing.  The ADCS subsystem shall provide the capability to measure or estimate body rates to support the flight vehicle and observatory attitude control modes.

3.2.1.1.10.3 Three Axis Magnetometer Data Processing

The ADCS subsystem shall provide the capability to measure or estimate the magnetic field changes over a spin period to support electromagnetic torquer operation.  The processing must be able to isolate the slowly varying field from the residual bias in the magnetometer itself or caused by the electromagnetic torquers, instrument or observatory electronics.

3.2.1.1.11 Sensors

3.2.1.1.11.1 Star Tracker

The star tracker shall provide quaternion attitude solution measurements to support the attitude solution.

3.2.1.1.11.2 Inertial Measurement Unit

The inertial measurement unit shall provide information that can be used to compute body rates to support the attitude solution.  The inertial measurement unit shall provide information that can be used to compute body rates to support spinning mode operations above 0.3 deg/sec.

3.2.1.1.11.3 Spinning Sun Sensors

The spinning sun sensors shall provide sun angle measurements with 0.5 deg accuracy and resolution.  The spinning sun sensors shall operate on both the flight vehicle and observatory configurations when both configurations are operating with a biased spin rate up to 60 rpm.

3.2.1.1.11.4 Coarse Sun Sensors

The coarse sun sensors shall provide a single coarse measurement of angle between the sun and the sensors boresight to within 5 deg.  The coarse sun sensors when arranged as a set shall provide a measurement of sun angle from at least two different sensors in at least 75% of the sky.

3.2.1.1.11.5 Three Axis Magnetometer

The three axis magnetometer shall provide a measurement of the magnetic field to support use of the electromagnetic torquers.

3.2.1.1.12 Control

The ADCS subsystem shall provide the capability to control vehicle motion for both the flight vehicle and observatory configurations.  The ADCS subsystem shall provide control for both zero body rates and non-zero body rates according to the requirements of each operational mode and vehicle configuration.

3.2.1.1.12.1 High Spin Rate Modes

The ADCS subsystem shall provide the capability to control spin rate, nutation angle, and precession angle.

3.2.1.1.12.2 Low Spin Rate or Inertial Modes

The ADCS subsystem shall provide the capability to control inertial attitude, body rates, sun angle, spin rate, precession rate.

3.2.1.1.13 Actuators

3.2.1.1.13.1 Thrusters

The thrusters shall provide the capability to control the vehicle motions for all modes except the data collection mode.

3.2.1.1.13.2 Electromagnetic Torquers

The electromagnetic torquers shall provide the capability to control the vehicle motions for only the data collection mode.

3.2.1.2 Command, Telemetry, and Data Handling Subsystem

A block diagram of the CT&DH subsystem is shown in Figure 3‑2. 
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Figure 3‑2. CT&DH Subsystem Block Diagram

3.2.1.2.1 Performance Requirements

The CT&DH subsystem shall communicate with FV and observatory subsystems (i.e., the ADCS, RCS, EPS, TCS, RFS, OCS, and instrument subsystems).

The CT&DH subsystem shall incorporate redundancy where practical to survive a Single Point Failure.

CT&DH functional requirements are listed in paragraphs 3.2.1.2.1.1 through 3.2.1.2.1.8
3.2.1.2.1.1 Uplink Deformatting and Decoding

The CT&DH subsystem shall be fully compatible with NASA Spaceflight Tracking Data Network (STDN) specifications as described in the FAME Detailed Mission Requirements Document, NCST-D-FM002REF X39242_Heading_3_37 \n  \* MERGEFORMAT . 

No Commu​nications Security (COMSEC) decryption shall be required. 

The CT&DH subsystem shall decode, authenticate and process CCSDS commands received.

The CT&DH subsystem shall execute critical commands without CPU interaction.

The CT&DH subsystem shall transfer specific uplink data to instrument for control and reprogramming.

The CT&DH subsystem shall provide for an interface to Electrical Aerospace Ground Equipment (EAGE) for initial integration.

The CT&DH subsystem shall support the T-minus zero (T-0) interface to the ELV.
3.2.1.2.1.2 Downlink Formatting Formatting and Encoding

The CT&DH subsystem shall be fully compatible with NASA Spaceflight Tracking Data Network (STDN) specifications as described in the FAME Detailed Mission Requirements Document, NCST-D-FM002REF X39242_Heading_3_37 \n  \* MERGEFORMAT . 

No Commu​nications Security (COMSEC) encryption shall be required. 

The CT&DH subsystem shall provide for downlink telemetry capability of 409.6 kbps of science and telemetry data.

The CT&DH subsystem shall provide error control coding and data interleaving to the downlink telemetry data stream.

3.2.1.2.1.3 Telemetry Gathering

The CT&DH subsystem shall collect SOH telemetry from all FV and observatory subsystems.
3.2.1.2.1.4 Command Processing

The CT&DH subsystem shall execute stored commands.

The CT&DH subsystem shall distribute commands to all FV and observatory subsystems.
3.2.1.2.1.5 Instrument Control

The CT&DH subsystem shall provide a power management capability.

The CT&DH subsystem shall provide the necessary commands to enable the observatory subsystem.

The CT&DH subsystem shall provide the necessary commands to open the protective outer doors of the observatory subsystem.

3.2.1.2.1.6 Attitude Determination and Control Processing and commanding

The CT&DH subsystem shall manage FV and observatory attitude for successful mission orbit insertion, stabilization, and de-orbit.

The CT&DH subsystem shall provide timers to achieve “safe distance” between third stage and FV prior to initiation of GTO insertion maneuvers.

3.2.1.2.1.7 Mission Data Buffering

The CT&DH subsystem shall collect, store, and buffer instrument payload science data generated at a maximum data rate of 4 Mbps for an average data rate of 320 kbps while using a maximum memory storage allocation of 4 Gigabits.

The CT&DH subsystem shall store instrument payload science and telemetry data up to the maximum allocated storage capability during scheduled or unscheduled downlink outages.
3.2.1.2.1.8 Time Distribution

The CT&DH subsystem shall maintain and distribute S/C bus time to all FV and observatory subsystems.
3.2.1.2.2 Interface Requirements

CT&DH subsystem interface requirements are listed in Table 3‑1.

Table 3‑1. CT&DH Subsystem Interfaces

	Interface
	Interface Type

	Instrument interface
	Quad High Speed Serial (QHSS) Mission Data

	Attitude Determination and Control System (ADCS)
	8 Thrusters

	
	TBD Paraffin Actuators

	
	1 Latch Valve

	Spacecraft Interfaces
	1553 Bus

	
	TBD Passive Analog Channels

	
	TBD Active Analog Channels

	
	TBD Bi-Levels

	
	TBD Hi-level Relay Drivers

	
	TBD Open Collector Drivers

	Uplink/Downlink
	2 kbps Uplink

	
	Up to 409.6 kbps Downlink


3.2.1.3 Electrical Power Subsystem

The FAME EPS shall supply electrical energy to all spacecraft subsystems and the instrument during all mission phases.

A block diagram of the EPS is shown in Figure 3‑3. Performance requirements are listed in Table 3‑2. Power requirements for major subsystems and components are listed in Table 3‑3.
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Figure 3‑3. EPS Block Diagram

Table 3‑2. EPS Requirements

	Supply electrical power to all spacecraft subsystems during all mission phases

	Provide sufficient solar array to support loads and battery charge

	Provide energy storage to operate during seasonal eclipse periods, to support transient loads and to clear fault loads

	Limit battery depth of discharge and overcharge; provide for system survival with undervoltage detection and non-critical load shed

	Drive CG trim mass and radiation trim tab motors for precession control

	Automatically reject excess solar array energy

	Maintain spacecraft bus voltage at 30 +/- 6 Vdc

	Design for autonomous operation to limit ground intervention; provide manual override of the autonomous functions

	Install fault protection on non-critical loads and redundant critical loads

	Distribute unswitched power to critical bus subsystems and switched power to all spacecraft subsystems

	Monitor EPS health and provide EPS parameters to telemetry

	Provide ordnance for satellite and interstage separation, solar array release and apogee kick motor

	Ordnance design will meet safety requirements as specified in EWR 127-1 for non-manned flights

	Minimize magnetic moments

	Design and fabricate spacecraft harness meeting requirements as specified in GSFC 311-INST-001

	Design for 5 year mission; parts will handle temperature, radiation and mechanical extremes; parts will meet military Class B program requirements


Table 3‑3. Power Requirements of Major Subsystems


[image: image4.wmf]
3.2.1.3.1 Bus Voltage

The EPS shall provide the S/C electrical bus voltage of 30 ±6 VDC.

3.2.1.3.2 Fault Protection

The EPS shall protect the electrical bus from faults.

3.2.1.3.3 Low-Power Recovery

The EPS shall have the capability to power up from a low voltage condition.

3.2.1.3.4 Stored Energy

The EPS shall provide stored electrical energy to the S/C bus during mission eclipse periods and for limited durations when the solar array is not illuminated by the sun.

3.2.1.3.5 Power Profile

The EPS shall support the power profile as shown in Table 3‑3.

3.2.1.3.6 Battery Capacity

The EPS shall provide a battery with a capacity to support the loads presented in Table 3‑3 to a depth of discharge no greater than 80%.

3.2.1.3.7 Power Distribution

The EPS shall provide the capability to manage power distribution to all of the subsystems of the S/C bus and the instrument.

3.2.1.3.8 Critical Bus Power

The EPS shall provide unswitched critical bus power to the CT&DH, RF, and Ordnance subsystems.

3.2.1.3.9 Solar Array

The EPS shall provide a solar cell array that converts sunlight to electrical power to meet the requirements of Table 3‑3 for the 5-year FAME mission.

3.2.1.3.10 Wire Harness

The EPS shall provide a wire harness for power, command, and telemetry to all S/C bus and instrument interfaces.

The harness subsystem shall comprise all FAME observatory system, subsystem, and component electrical interface cable assemblies. 

l. The harness subsystem shall maintain the redundancy that is established within each individual component or assembly. 

m. The harness subsystem shall be constructed of space-qualified wire, connectors, lacing cord, shield, and other materials necessary to assure reliable electrical interconnections. 

n. The harness subsystem shall be constructed to meet the EMC requirements as specified in paragraph 3.3.3.

o. The harness shall be designed to facilitate the removal and installation of the electronics assemblies as a unit.

p. To the extent practical, redundant wiring shall be routed through separate bundles and harness in-line interface connectors. 

q. All safety critical functions shall be routed through separate connectors.

3.2.1.3.11 Ordnance Control

The EPS shall provide ordnance control functions for all ordnance and separation devices in accordance with EWR 127-1.

The OCS shall provide the necessary switching and control logic to enable, arm, and execute S/C bus ordnance functions according to the requirements of EWR 127-1. 

r. The ordnance shall provide the following functions: (i) spacecraft and AKM separation; (ii) AKM inhibit, arm and fire; (iii) solar panel deployments; and (iii) RCS enable. 

s. The OCS electronic circuitry shall be configured to provide the necessary interrupt and fault tolerance. 

t. The OCS shall be analyzed as specified in paragraph 3.2.2 to ensure no Single Point Failures (SPFs) exist and that the system is single fault tolerant to ensure mission success.

u. The OCS shall operate in concert with the other S/C bus subsystems and the EPS.

v. [High current dc power shall be derived from the battery via a special ordnance-only bus.] 

w. The OCS shall output pulsed high-current energy to the electro-explosive devices (EEDs) via ordnance safe and arm connectors. 

x. The ordnance safe and arm connectors shall be located in the outboard wiring harnesses.

y. The NASA Standard Initiator (NSI) shall be used in the OCS.

3.2.1.3.12 Spacecraft Magnetic Dipole Moment

The EPS shall make every effort to minimize the magnetic dipole moment induced from the wire harness routing, the solar cell layout and wiring, and the battery electrochemistry chosen.

3.2.1.4 Flight Software

FAME flight software shall provide the data processing necessary to implement such items as flight operations control, fault isolation, and redundancy management. FAME flight software shall consist of the following Computer Software Configuration Items (CSCIs):

z. System Resource Manager (SRM) (paragraph 3.2.1.4.3.1): Provides boot processing, task management, memory management, timer services, inter-task communications, MIL-STD-1553 bus control, solid state recorder (SRR) management, diagnostic and logging services, and interrupt handling services for higher level processes.

aa. Command and Telemetry (C&T) (paragraph 3.2.1.4.3.2): Decodes uplinked commands and data loads and distributes them to the appropriate software process or hardware entity. Gathers telemetry using an uploaded commutation format and distributes it to the onboard telemetry database, the onboard storage device, the Uplink/Downlink Module, or any combination thereof.

ab. Stored Commanding (SC) (paragraph 3.2.1.4.3.3): An implementation of the commercial Spacecraft Command Language (SCL). Provides procedural scripts and the capability to respond autonomously via rule-based mechanisms to asynchronous events. Scripts and rules tasking the spacecraft are generated on the ground, compiled into tokens by SCL’s compiler, formatted and uplinked, and stored onboard for subsequent execution. Script execution time can be absolute or relative.

ac. Attitude Determination and Control (ADAC) (paragraph 3.2.1.4.3.4): Consists of the Guidance, Navigation, and Control (GNC) executive controlling spacecraft modes and allowable commands. ADAC generates commanded attitude and updates the spacecraft’s inertial properties. ADCS passes data to and processes data from the Inertial Measurement Units (IMUs), Star Tracker (STs), Spinning Sun Sensors (SSSs), Coarse Sun Sensors (CSSs), Three Axis Magnetometer (TMA), Electromagnetic Torquers (EMTs), and thrusters. It manages spin rate, precession, and nutation during spin-stabilized flight; and controls thruster firing.

ad. Orbit Propagation (OP) (paragraph 3.2.1.4.3.5): Accepts state vectors from the ground and propagates the spacecraft orbit over time. Delivers the current spacecraft position to ongoing software processes.

ae. Payload Controller (PC) (paragraph 3.2.1.4.3.6): 

af. Fault Detection Isolation and Recovery (FDIR) (paragraph 3.2.1.4.3.7): 

FAME flight software shall control the following hardware modules:

ag. Uplink/Downlink Module (UDM): 

(1) Uplink Task: Validates command formats and passes the commands on to the main CPU for execution or storage.

(2) Downlink Task: Accepts a downlink stream from the main CPU, formats it, and supplies the data to the downlink at the selected rate.

ah. Spacecraft I/O (SCIO)

ai. ACS/RCS Module:

(3) Thruster Management Task: Accepts specific commands from the main CPU and manages the thruster’s hardware interface. It rejects invalid ADCS commands and returns an error code to the main CPU.

(4) Sensor Management Task: Receives data from the IMU and the Sun Sensors and passes it on to the main CPU for processing.

aj. Data Recorder and Interface Module (DRIM): 

ak. Power Converter and Time Distribution (PCOXO): 

al. Flight Processor (FP): 

3.2.1.4.1 Software Management Plan

FAME flight software shall be developed in accordance with NCST-SDP-FM001, FAME Software Management Plan.

3.2.1.4.2 Configuration Control

Configuration control of FAME flight software shall be in accordance with NCST-SDP-FM001, FAME Software Management Plan.

3.2.1.4.3 Software Functionality

Paragraphs 3.2.1.4.3.1 through 3.2.1.4.3.7 specify the software functionality of the CSCIs listed in paragraph 3.2.1.4.

3.2.1.4.3.1 System Resource Manager

3.2.1.4.3.2 Command and Telemetry

3.2.1.4.3.3 Stored Commanding

3.2.1.4.3.4 Attitude Determination and Control

3.2.1.4.3.5 Orbit Propagation

3.2.1.4.3.6 Payload Controller

3.2.1.4.3.7 Fault Detection and Recovery

3.2.1.5 Mechanism Subsystem

The mechanisms subsystem performs the necessary deployments and separations to achieve the S/C’s operational configuration and provide precise adjustment capability for spin balance and solar torque. 

3.2.1.5.1 Spacecraft Separation

3.2.1.5.1.1 Tipoff Rate

The spacecraft tipoff rate shall be (TBR) deg/sec or less for the spacecraft/interstage separation phase of the mission. The tipoff rate shall be such that no recontact occurs.

3.2.1.5.1.2 Separation Velocity

The spacecraft kickoff rate shall be 0.0762 m/sec +/- 10%  with a velocity vector along the Z axis +/- 5 degrees for the spacecraft/interstage separation phase of the mission.

3.2.1.5.1.3 Redundancy

The spacecraft separation shall provide redundant release devices or redundant initiators.

3.2.1.5.1.4 Ground handling V Clamp

The mechanism subsystem shall provide a ground handling V clamp for integration, test, and shipping phases of the mission.

3.2.1.5.1.5 Orbital Debris

The mechanism subsystem shall retain all separation parts after spacecraft separation.

3.2.1.5.2 Trim Areas

3.2.1.5.2.1 Trim Area Quanitity

The mechanism subsystem shall provide 3 trim area pairs positioned 120 degrees apart along the circumference of the electronics deck to provide a center of pressure adjustment  capability to keep the center of pressure within a 2 mm radius of the space vehicle centroid.

3.2.1.5.2.2 Degrees of Freedom

The trim area shall have one degree of freedom, rotating in and out with respect to the electronics deck assembly circumference and in the plane of the electronics deck assembly.

3.2.1.5.2.3 Total Life Cycles

The total trim area on-orbit life cycles shall be 5.

3.2.1.5.2.4 Torque Margin

The trim areas shall have a minimum of 3:1 torque margin during all phases of the mission.

3.2.1.5.2.5 Pitch Angle Error

The trim areas shall have a pitch angle error <= +/- 0.1 deg (TBR).

3.2.1.5.2.6 Radial Angle Error

The trim areas shall have a radial angle error <= +/- 0.1 deg (TBR).

3.2.1.5.2.7 Clocking Angle Error

The trim areas shall have a clocking angle error <= +/- 0.1 deg (TBR).

3.2.1.5.2.8 Area Flatness

The trim areas flatness shall be <= 2.5 mm per meter of span.  If asymmetric, the panel flatness scales to the short direction.

3.2.1.5.2.9 Angular Travel

The trim areas shall have an angular travel of >= 0-90 degrees with respect to the circumference of the electronics deck where 0 degrees is flush (does not extend beyond) to the circumference of the electronics deck.

3.2.1.5.2.10 Angular Resolution

The trim tab area shall have a angular resolution of <= 0.5 degree at all phases of the mission.

3.2.1.5.2.11 Surface Area

Each trim area pair shall have a minimum surface area of 0.33 m2  and/or provide a suitable area to meet the solar radiation center of pressure to center of mass requirements.

3.2.1.5.2.12 Center of Pressure

The center of pressure of each trim area shall stay within 2 mm radius of the trim tab centroid.

Temperature Gradient

The ∆ temperature between the shade and sun sides of the trim areas shall be ≤5˚ (TBR) over a spin period with a maximum pitch angle.

3.2.1.5.2.13 Launch Retention

The trim areas shall have locking devices or sufficient torque margin to retain the trim areas during the launch and orbit insertion phases of the mission.

3.2.1.5.2.14 Positon Feedback

The trim areas shall have position feedback telemetry with a resolution of <= 0.5 deg.

3.2.1.5.3 Trim Tabs

3.2.1.5.3.1 Quantity

The mechanism subsystem shall provide 3 trim tabs positioned 120 degrees apart along the circumference of the electronics deck to provide a solar radiation control torque range of +/- 1 micro-N-m.

3.2.1.5.3.2 Degrees of Freedom

The trim tab shall have 1 degree of freedom, pitch up and down, with respect to the electronics deck assembly.

3.2.1.5.3.3 Total Life Cycles

The total trim tab on-orbit life cycles shall be 5.

3.2.1.5.3.4 Torque Margin

The trim tabs shall have a minimum of 3:1 torque margin during all phases of the mission.

3.2.1.5.3.5 Pitch Angle Error

The trim tabs shall have a pitch angle error <= +/- 0.1 deg (TBR).

3.2.1.5.3.6 Radial Angle Error

The trim tabs shall have a radial angle error <= +/- 0.1 deg (TBR).

3.2.1.5.3.7 Clocking Angle Error

The trim tabs shall have a clocking angle error <= +/- 0.1 deg (TBR).

3.2.1.5.3.8 Tab Flatness

The trim tab flatness shall be <= 2.5 mm per meter of span. If asymmetric, the panel flatness scales to the short direction.

3.2.1.5.3.9 Angular Travel

The trim tab shall have an angular travel of >= +/- 40 degrees with respect to the plane of the electronics deck.

3.2.1.5.3.10 Angular Resolution

The trim tab shall have a angular resolution of <= 0.5 degree at all phases of the mission.

3.2.1.5.3.11 Surface Area

Each trim tab shall have a minimum surface area of 0.25 m2 and/or provide a solar radiation control torque range of +/- 1 micro-N-m.

3.2.1.5.3.12 Center of Pressure

The center of pressure of each tab area shall stay within 2 mm radius of the trim tab centroid.

3.2.1.5.3.13 Temperature Gradient

The ∆ temperature between the shade and sun sides of the trim tabs shall be ≤5˚ (TBR) over a spin period with a maximum pitch angle.

3.2.1.5.3.14 Launch Retention

The trim tabs shall have locking devices or sufficient torque margin to retain the tabs during the launch and orbit insertion phases of the mission.

3.2.1.5.3.15 Position Feedback

The trim tabs shall have position feedback telemetry with a resolution of <= 0.5 degree.

3.2.1.5.4 Trim Masses

3.2.1.5.4.1 Quantity

The mechanisms subsystem shall provide 2 trim masses for product of inertia control for all phases of the mission.

3.2.1.5.4.2 Mass

The mechanisms subsystem shall provide >=3 kg of moveable mass on each trim mass mechanisms to support the capability of a delta Ixz or delta Iyz of >= 0.46 kg-m2.

3.2.1.5.4.3 Linear Travel

The mechanism subsystem shall provide a linear travel of >= +/- 0.23 m for each trim mass.

3.2.1.5.4.4 Linear Resolution

The linear resolution of the trim mass motion shall be <= 0.5 mm.

3.2.1.5.4.5 Center of Travel Location Knowledge

The point which corresponds to the center of travel of each trim mass mechanism shall be located to an accuracy of <= 1 mm (TBR) under all conditions.

3.2.1.5.4.6 Assembly and Deployment Angle

The pivot angle of the trim mass travel about the center of travel shall be aligned to the Z axis to <= 0.1 (TBR) degrees under all conditions.

3.2.1.5.4.7 Launch Retention

The trim mass shall have locking devices or sufficient torque margin to retain the masses during the launch and orbit insertion phases of the mission.

3.2.1.5.4.8 Total Life Cycles

The total trim mass mechanism on-orbit life cycle shall be 5.

3.2.1.5.4.9 Torque Margin

The trim mass mechanism shall have a minimum of 3:1 torque margin during all phases of the mission.

3.2.1.5.4.10 Position Feedback

The trim masses shall have position feedback telemetry with a resolution of <= 0.1 mm.

3.2.1.5.5 Bus Voltage

The bus voltage provided to the mechanism subsystem shall be 30 +/-6V.

3.2.1.5.6 Maximum Jitter

3.2.1.5.6.1 Along Scan

	Frequency (Hz)
	0.2
	1.0
	10
	100

	Amplitude (µrad)
	0.01
	0.001
	0.003
	0.01


3.2.1.5.6.2 Cross-Scan

	Frequency (Hz)
	0.2
	1.0
	10
	100

	Amplitude (µrad)
	0.01
	0.025
	0.03
	0.1


3.2.1.6 Radio Frequency Subsystem

am. Provide spacecraft 2 kbps command capability at any vehicle orientation.

an. Provide low rate 1 kbps minimum telemetry for emergency, safehold, and initial acquisition operations at any orientation

ao. Provide wideband data downlink at 500 kbps for downloading mission science data

ap. Provide wideband data at rates between 250 kbps and 500 kbps for downloading mission science data during periods of worst-case link margin.

aq. Provide coherent spacecraft range and range rate capability

ar. Compatible with NASA Space Tracking Data Network (STDN) and NRL ground stations

as. Compatible with Consultative Committee on Space Data Systems (CCSDS)

at. Comply with National Telecommunications Information Administration (NTIA) frequency management regulations

3.2.1.6.1 Uplink

au. S-band uplink, 2025 MHz to 2110 MHz (DSN Category A Space Research Service)

av. Command data = 2 kbps, NRZ-M data BPSK modulated synchronously on a 16 kHz subcarrier

aw. Uplink subcarrier modulation index = 1 radian peak

ax. Output to CT&DH

Table 3‑4. Uplink Interface From Receiver to CT&DH Subsystem

	Command Data
	RS-422
	NRZ-L

	Command Data Clock
	RS-422
	Rising edge at midpoint of data bit

	Subcarrier Lock Indicator
	TTL
	

	Receiver Lock Indicator
	TTL
	


Table 3‑5. Uplink Budget (GTO Antennas at Geosynchronous Orbit)

	Transmitter Power (200W)
	53.0 dBm

	Line and Diplexer Losses
	-2.0 dBm

	Antenna gain (10 m)*
	44.0 dBi

	Free Space Loss (Geosynchronous at 5 degrees elevation)
	-190.3 dB

	Minimum Spacecraft Antenna Gain (including hybrid splitter)
	-15 dBi

	Cable Loss (12 ft, Gore G4 Cable)
	-2.2 dB

	Receiver Sensitivity
	-118 dBm

	Margin
	5.5 dB


* 10 m antenna is for back-up only, 13 m or greater is planned for normal ground operations.

3.2.1.6.2 Downlink

ay. S-band downlink 2200 MHz to 2290 MHz (DSN Category A Space Research Service)

az. Subcarrier Data Mode (telemetry for emergency, safehold, and initial acquisition operations as well as telemetry during ranging operations): 1 kbps (approximately 2 ksps) NRZ-M BPSK modulated onto 1.7 MHz subcarrier phase modulated onto the S-band carrier at a modulation index of 1.6 radians

ba. Wideband Data Mode (for normal mission operations): 500 kbps (approximately 1Msps) NRZ-M, BPSK modulated directly onto S-band carrier

bb. Wideband Data Mode (limited link margin operations): 500 kbps to 250 kbps NRZ-M, BPSK modulated directly onto S-band carrier

bc. Input from CT&DH: CT&DH provides separate, identical interfaces to the transmitter for subcarrier data and for wideband data

Table 3‑6. Downlink Interface From CT&DH Subsystem To Transmitter

	Subcarrier Data
	RS-422
	NRZ-L

	Subcarrier Clock
	RS-422
	2X CLOCK

	Wideband Data
	RS-422
	NRZ-L

	Wideband Clock
	RS-422
	2X CLOCK


Table 3‑7. Downlink Budget (500 kbps Geosynchronous Orbit)

	Transmitter Power (5W)
	37 dBm

	Diplexer & Switch Loss (ICM Switches & Diplexer)
	-0.9 dB

	Line Loss
	-2.2 dB

	Antenna Gain (antenna, 85 degrees off boresite)
	-1.0 dB

	Free Space Loss (5 degrees elevation)
	-191.8 dB

	Atmosphere Loss (5 degrees elevation)
	-0.5 dB

	Pointing Loss
	-0.2 dB

	Data Rate (10 log 500000)
	-57.0 dB

	Receive G/T (13m dish at BP)
	26.0 dB

	Boltzman’s constant 
	198.6 dBm/Hz/K

	Eb/No
	8.0

	Implementation loss 
	-2.0

	Required Eb/No (1x10-7 BER per CCSDS 101.0 B-3)
	2.8

	Margin
	3.2


Table 3‑8. Downlink Budget (250 kbps Geosynchronous Orbit)

	Transmitter Power (5W)
	37 dBm

	Diplexer & Switch Loss (ICM Switches & Diplexer)
	-0.9 dB

	Line Loss
	-2.2 dB

	Antenna Gain (antenna, 90 degrees off boresite)
	-4.8 dB

	Free Space Loss (5 degrees elevation)
	-191.8 dB

	Atmosphere Loss (5 degrees elevation)
	-0.5 dB

	Pointing Loss
	-0.2 dB

	Data Rate (10 log 250000)
	-54.0 dB

	Receive G/T (13m dish at BP)
	26.0 dB

	Boltzman’s constant 
	198.6 dBm/Hz/K

	Eb/No
	7.2

	Implementation loss 
	-2.0

	Required Eb/No (1x10-7 BER per CCSDS 101.0 B-3)
	2.8

	Margin
	2.4


Table 3‑9. Downlink Budget (1 kbps Geosynchronous Orbit)

	Transmitter Power (5W)
	37.0 dBm

	Modulation Loss
	-2.3 dB

	Diplexer & Switch Loss (ICM Data)
	-0.9 dB

	Line Loss
	-2.6 dB

	Antenna Gain (Including 3 dB Hybrid splitter)
	-18.0 dBi

	Free Space Loss
	-191.8 dB

	Atmosphere Loss (5 degrees elevation)
	-0.5 dB

	Pointing Loss
	-0.2 dB

	Data Rate (10 log 1000)
	-30.0 dB

	Receive G/T (13m dish at BP)
	26.0 dB

	Boltzman’s constant 
	198.6 dBm/Hz/K

	Eb/No
	15.3

	Implementation loss 
	-2.0

	Required Eb/No (1x10-7 BER per CCSDS 101.0 B-3)
	2.8

	Margin
	10.5


3.2.1.6.3 Ranging

bd. Ranging signal phase modulated directly onto the uplink carrier at a modulation index of 0.5 radian peak

be. Sequential square wave ranging (1.01 kHz to 515 kHz)

bf. Ranging signal demodulated from uplink and phase modulated directly onto downlink carrier at mod index of 0.5 radian peak

bg. Downlink carrier reference generated from uplink carrier for coherent operation

bh. Non-coherent downlink operation using on-board reference oscillator when uplink is not present

Table 3‑10. Ranging Link Budget (Mission Ops At Geosynchronous Orbit) 

	U/L Uplink Transmitter Power (200 W)
	53.0 dBm

	U/L Modulation Loss (Sq. Wave Tone 0.5)
	-7.2 dB

	U/L Transmit Line Loss
	-1.0 dB

	U/L Transmit Antenna Gain
	+44 dB

	U/L Path Loss
	-191.2 dB

	U/L Atmosphere Loss
	-0.4 dB

	U/L Receive Antenna Gain (includes hybrid)
	-10 dB

	U/L Receive Line Loss (dB)
	-2.2

	U/L Received Power (dBm)
	-115 dBm

	U/L Receiver Noise Density (NF = 5, K = 12)
	-169.7 dBm/Hz

	U/L Receiver UL Pr/No
	54.1

	D/L Transmit Power (5W)
	37 dBm

	D/L Modulation Loss
	-9.2

	D/L Line Loss
	-3.5

	D/L Transmit Antenna Gain
	-10 dB

	D/L Path Loss
	-191.9 dB

	D/L Atmosphere Loss
	-0.4 dB

	D/L Receive Antenna Gain
	44.2

	D/L Receive Line Loss
	-0.6

	D/L Received Power
	-134.4 dBm

	D/L Noise Density (dBm/Hz)
	-177.3 dBm

	D/L Pr/No (dB)
	42.9 dB

	U/L Pr/No + D/L Pr/No (dB)
	42.6 dB

	-10 Log (5 Hz Measurement BW)
	-7

	Overall Pr/No
	35.6

	Required Pr/No
	30

	Margin
	5.6


3.2.1.6.4 Electrical Input/Output

bi. Transponder Commands: 26 V pulses to latching relays

bj. Transponder Telemetry:


(5) Discrete 5 V

(6) 0 to 5 V analog

(7) Passive analog (for temperature monitoring)

bk. Uplink Command Output: 

(8) 


Clock & Data: RS-422, NRZ-L

(9) 

Receiver Lock and Subcarrier Lock: TTL

bl. Downlink Data Input: Clock & Data, RS-422, NRZ-L, (2x clock)

bm. RF Transfer Switches and RF Single Pole Double Throw Switches: 26 V pulses to latching relays

bn. DC Power

(10) 

Receivers 4 W each @ 22 V to 36 V (both on continuously)

(11) 

Transmitter 38 W max @ 22 V to 36 V (only one transmitter on at a time)

3.2.1.7 Reaction Control Subsystem

The RCS provides thrust for spacecraft orbit raising, attitude control, and stationkeeping.

3.2.1.7.1 Three Axis Attitude Control

The on-board propulsion systems shall provide 3-axis attitude control for all Flight Vehicle and spacecraft mission phases including pointing slew maneuvers, spin-up, spin axis precession (SAP), active nutation control (ANC), spin down, and attitude control during the on-board delta velocity maneuvers.

3.2.1.7.2 Spacecraft Delta Velocity

The on-board propulsion system shall provide the vehicle total delta velocity between the SRM drop-off orbit, GEO mission orbit, and final spacecraft disposal orbit of 67 m/sec.

3.2.1.7.3 Pressure Safety Factors

The on-board propulsion system shall comply with EWR 127-1 safety factor requirements as tailored for the FAME program, but will be a minimum of 1.5:1 for tanks, 2.5:1 for components, and 4:1 for lines and fittings. 

3.2.1.7.4 Mechanical Activation

The on-board propulsion system shall be a minimum of two mechanical fault tolerant to a credible catastrophic failure, and single fault tolerant to thruster activation or other hazardous propellant leakage for personnel hazard mitigation. 

3.2.1.7.5 Electrical Activation

The on-board propulsion system shall be a minimum of three electrical fault tolerant to thruster activation for personnel hazard mitigation. 

3.2.1.7.6 Surge Pressure

The on-board propulsion system shall withstand the expected transient surge pressures during system activation and expected operations.  Transient surge pressures shall not exceed the system proof pressure testing levels.  This requirement currently conflicts with EWR 127-1, and requires tailoring for FAME.

3.2.1.7.7 Component Cleanliness

The RCS subsystem shall follow the cleanliness guidelines as stated in MIL-STD-1246 100A.

3.2.1.7.8 Power

The thruster catalyst bed heaters, 4 Watts @ 28 VDC per thruster, shall be maintained for all thruster modes. The on-board propulsion system will also require transient power for valve activation including steady state thrust operations.

3.2.1.7.9 External Leakage

The individual components of the on-board propulsion system shall have an external leakage of no greater than 5x10-5 scc/sec of gaseous helium.

3.2.1.7.10 Valve Internal Leakage

The individual components of the on-board propulsion system shall have an external leakage of no greater than 1x10-5 scc/sec of gaseous helium.

3.2.1.7.11 Thrusters

3.2.1.7.11.1 Thruster Control Authority Margin

The propulsion subsystem shall provide a system with a thruster control authority margin of 25 % during all phases of the mission.

3.2.1.7.11.2 Simultaneous Thruster Firings

The on-board propulsion system shall be capable of supporting 5 simultaneous thruster firings. 

3.2.1.7.11.3 Thruster Pulses

The 1N thrusters are capable of pulsing 200,000 times each during the life of the mission. The 22N thrusters are capable of pulsing 60,000 times each during the mission life.

3.2.1.7.11.4 Spacecraft Impulse Bit

The 1 N thrusters have a minimum repeatable impulse bit of .02 N*sec during the life of the mission. The 22 N thrusters have a minimum repeatable impulse bit of .04 N*sec during the life of the mission.

3.2.1.7.11.5 Spacecraft Thrust Levels

The 1N thrusters have a thrust level of 0.89N for the spacecraft at the beginning of the mission life. The 22N thrusters have a thrust level of  22.0 N for the spacecraft at the beginning of the mission life.

3.2.1.7.11.6 Spacecraft Burn Duration

The thrusters shall have a burn durations ranging from 20 msec to 40 minutes during the life of the mission.

3.2.1.7.11.7 Cold Starts

The thruster shall not be activated without first pre-heating the thruster catalyst bed heaters to 65 °C.

3.2.1.7.11.8 Total Impulse per Thruster

The 1N thrusters have a maximum total impulse capability of 80,000 N*sec per thruster. The 22N thrusters have a maximum total impulse capability of 100,000 N*sec per thruster.

3.2.1.7.11.9 Mechanical Alignment

The thrusters shall be aligned within 0.5 degrees of each other and the FAME reference frame.

3.2.1.7.11.10 Mechanical Alignment Knowledge

The thrusters shall be aligned with a knowledge of 0.1 degrees.

3.2.1.7.11.11 Protective Covers

The RCS subsystem shall provide thruster protective covers to prevent inadvertent thruster damage during integration and test activities.

3.2.1.7.12 Propellant Hardware

3.2.1.7.12.1 Tank Design

The propellant tank shall be designed to the requirements of EWR 127-1 and MIL-STD-1522.

3.2.1.7.12.2 Propellant Center of Mass

Lateral propellant center of mass motion in the X-Y plane shall be minimized.  The maximum center of mass offset from the geometric Z axis of the tank shall be 10 mm.

3.2.1.7.12.3 Propellant Slosh

Propellant slosh shall be minimized to mitigate detrimental effects to the mission science collection.

3.2.1.7.12.4 Propellant Slosh Frequency

The propellant slosh frequency shall be maximized to mitigate science mission jitter impacts. Goal of  slosh frequency greater than 1 Hz. Ground Support Equipment

3.2.1.7.12.5 Fill Valve Protective Covers

The RCS subsystem shall provide fill valve protective covers to prevent inadvertent damage or activation of the propulsion fill valves.

3.2.1.7.13 Propellant

3.2.1.7.13.1 Type

The on-board propulsion subsystem shall use high purity grade monopropellant anhydrous hydrazine in accordance with MIL-P-26536 Amendment 2.

3.2.1.7.13.2 Mass Allocation

The maximum propellant capacity for the existing qualified tankage, meeting the program schedule, cost, and mass requirements is 49.9 kg (110 lb).

3.2.1.7.13.3 Servicing Equipment

The RCS shall provide appropriate propellant servicing equipment to interface with the FAME spacecraft and support the integration, test, and field operation phases of the mission.

3.2.1.7.14 Apogee Kick Motor (AKM)

3.2.1.7.14.1 Delta Velocity

The AKM shall have a Delta Velocity of 1478 m/sec. 

3.2.1.7.14.2 Mass Allocation

The maximum mass allocation for the AKM shall not exceed (TBD) kg.

3.2.1.7.14.3 Case Leakage

The AKM shall have an external leakage of no greater than 1x10-4 scc/sec of gaseous helium.

3.2.1.7.14.4 Acceleration

The AKM shall provide a maximum acceleration of 7 g’s for the Flight Vehicle for the orbit insertion phase of the mission.

3.2.1.7.14.5 Offload

The AKM shall be capable of offloading up to 20 % of its propellant by the AKM vendor.

3.2.1.7.14.6 Spin Rate

The AKM shall be design to operate are a spin rate of 60 RPM prior to orbit insertion phase of the mission.

3.2.1.7.14.7 Static Balance

The CG of the AKM shall be 0.1 in. (TBR) or less inch lateral offset from the thrust centerline during the orbit insertion phases of the mission.

3.2.1.7.14.8 Dynamic Balance

The principle spin axis of the AKM shall be 0.1 in. (TBR) or less degrees offset from the AKM thrust centerline during the orbit insertion phases of the mission.

3.2.1.7.14.9 Mass Simulator

The AKM vendor shall provide a AKM mass simulator for system level testing phase of the mission.

3.2.1.7.14.10 Thermal Model

The AKM vendor shall provide a verified thermal model of the AKM for system level thermal analysis.

3.2.1.7.14.11 Shipping Container

The AKM vendor shall provide a AKM shipping container for system level integration at the launch facility.

3.2.1.7.14.12 Ground Support Equipment

The AKM vendor shall provide the necessary ground support equipment for system level integration at the launch facility.

3.2.1.8 Structures Subsystem

3.2.1.8.1 Stowed Envelope

The Flight Vehicle System shall adhere to the stowed envelope as stated in the FAME Mission Requirements Document, NCST-D-FM002 during the launch phase of the mission.

3.2.1.8.2 Deployed Configuration

The deployed configuration of the Observatory shall provide shade for the FAME Instrument from the sun’s rays at an orientation of 35 +/- 5 degrees during the data collection phase of the mission.

3.2.1.8.3 Coordinate System

The Flight Vehicle shall be design using the coordinate system as stated in the FAME Mission Requirements Document, NCST-D-FM002.

3.2.1.8.4 Launch Vehicle Interface

The Flight Vehicle shall be design to mechanically interface with the Delta II 3712A PAF interface ring as stated in the Flight Vehicle to Launch Vehicle Interface Description, NCST-ICD-FM002.

3.2.1.8.5 Instrument Interface

The Observatory shall be design to mechanically interface with the FAME Instrument interface as stated in the Instrument to Bus Interface Control Document, NCST-ICD-FM001.

3.2.1.8.6 Solar Array Area

The Observatory shall provide a minimum of 4,750.0 in2 of solar array area for all phases of the mission.

3.2.1.8.7 Solar Array Substrate Flatness

The Observatory shall provide a solar array substrate flatness of 5.0 mm over a 2 m span prior to launch.

3.2.1.8.8 Electronics Deck Flatness

The Observatory shall provide an Electronics Deck flatness of 5.0 mm over a 2 m span prior to electronics box integration.

3.2.1.8.9 Electronics Deck Radiating Surface

The Observatory shall provide a minimum of 1,550.0 in2 of electronics box thermal radiating area on the electronics deck for all phases of the mission.

3.2.1.8.10 Locations

3.2.1.8.10.1 Coarse Sun Sensor

The coarse sun sensors when arranged as a set shall be mounted such that they provide full sky coverage with at least one sensor and 75% full sky coverage with 2 sensors. Each sensor should have an unobstructed field of view.

3.2.1.8.10.2 Spin Sun Sensor

The spin sun sensor shall be mounted such that it provides an unobstructed field of view during all phases of the mission and produces full sky coverage when the flight vehicle or observatory is spinning about the nominal spin axis.

3.2.1.8.10.3 Star Tracker

The star trackers shall be positioned such that the boresights are as close to 90 degrees from each other as possible and as close to the x-y plane of the Observatory as possible with an unobstructed field of view during all phases of the mission.

3.2.1.8.10.4 IMU

The IMU shall be positioned in the Observatory to provide as much radiation shielding as possible with each alignment reference optically accessible during the integration phase of the mission.

3.2.1.8.10.5 Trim Tab

The trim tabs shall be positioned 120 degrees apart as far radially outward on the electronics deck as possible with an unobstructed range of motion to provide the maximum control authority.

3.2.1.8.10.6 Trim Tab Orientation

The trim tabs shall be oriented such that they do not obstruct the field of view of the FAME Instrument.

3.2.1.8.10.7 Trim Area

The trim areas shall be positioned 120 degrees apart as far radially outward on the electronics deck as possible with an unobstructed range of motion to provide the maximum control authority.

3.2.1.8.10.8 Trim Mass

The trim masses shall be positioned 90 degrees apart as far radially outward in the spacecraft bus as possible on the x-z and y-z planes with an unobstructed range of motion to provide the maximum control authority.

3.2.1.8.10.9 Propellant Tank

The propellant tank shall be positioned such that the depletion of propellant will have minimum effect on the Observatory CG location during all phases of the mission.

3.2.1.8.10.10 Thruster

The thrusters shall be positioned to provide maximum control authority for body motions as defined by the ADCS subsystem with an unobstructed field of view for all phases of the mission.

3.2.1.8.10.11 Propellant Fill and Drain Valve

The fill and drain valves shall be easily accessible during the integration, test, and field operation phases of the mission.

3.2.1.8.10.12 AKM

The AKM shall be positioned to provide maximum control authority for the AKM firing with an unobstructed field of view.

3.2.1.8.10.13 RF Antenna

The RF Antennas shall be positioned to provide an unobstructed field of view during all phases of the mission.

3.2.1.8.10.14 Instrument Orientation

The FAME Instrument shall be oriented such that the entrance apertures look 90 degrees from the Observatory spin axis during data collection phase of the mission.

3.2.1.8.10.15 Ordnance Arming Plug

The ordnance arming plug shall be easily accessible during the integration, test, and field operation phases of the mission.

3.2.1.8.10.16 Separation Connectors

The separation connectors shall be positioned 180 degrees apart and easily accessible during the integration, test, and field operation phases of the mission.

3.2.1.8.11 Mass Properties

3.2.1.8.11.1 Total Mass

The Flight Vehicle System shall adhere to the total mass as stated in the FAME Mission Requirements Document, NCST-D-FM002 during the launch phase of the mission.

3.2.1.8.11.2 Fight Vehicle Static Balance

The Flight Vehicle CG lateral offset shall not exceed 0.5 inch (TBR) from the geometric centerline prior to the AKM firing phase of the mission.

3.2.1.8.11.3 Flight Vehicle Dynamic Balance

The Flight Vehicle spin axis alignment shall not exceed 0.5 degree (TBR) from the geometric centerline prior to the AKM firing phase of the mission.

3.2.1.8.11.4 Observatory Static Balance

The Observatory CG lateral offset shall not exceed 0.39 inch from the geometric centerline during the data collection phase of the mission.

3.2.1.8.11.5 Observatory Axial CG Location

The Observatory CG axial location shall be in the range of 6.69 to 8.27 inches from the solar array optical surface during the data collection phase of the mission.

3.2.1.8.11.6 Observatory Spin Inertia

The Observatory spin inertia shall be in the range of 738,100 to 902,100 lb*in2 during the data collection phase of the mission.

3.2.1.8.11.7 Observatory Transverse Inertia

The Observatory’s two transverse inertias shall be 75 to 94 percent of the Observatory spin inertia with no more than 4 percent variation between the two during the data collection phase of the mission.

3.2.1.8.11.8 Observatory Product of Inertia

The Observatory transverse product of inertia shall be no more than 2 percent of the Observatory spin inertia during the data collection phase of the mission.

3.2.1.8.11.9 Mass Report

The mass reports are as stated in the FAME Mission Requirements Document, NCST-D-FM002.

3.2.1.8.12 Maximum Jitter

3.2.1.8.12.1 Along Scan

	Frequency (Hz)
	0.2
	1.0
	10
	100

	Amplitude (µrad)
	0.01
	0.001
	0.003
	0.01


3.2.1.8.12.2 Cross-Scan

	Frequency (Hz)
	0.2
	1.0
	10
	100

	Amplitude (µrad)
	0.01
	0.025
	0.03
	0.1


3.2.1.8.13 Design Limit Loads (DLL)

The DLL are as stated in the FAME Design, Loads, and Analysis Plan, NCST-D-FM017.

3.2.1.8.14 Natural Frequency

The natural frequencies are as stated in the FAME Design, Loads, and Analysis Plan, NCST-D-FM017.

3.2.1.8.15 Factors of Safety (FOS)

The FOS are as stated in the FAME Design, Loads, and Analysis Plan, NCST-D-FM017.

3.2.1.8.16 FV Lifting Points

The FAME spacecraft design shall incorporate provisions for lifting the fully assembled flight vehicle. These provisions shall be assessable at the flight vehicle level of assembly and shall be capable of safely supporting the fully assembled flight vehicle mass.

3.2.1.8.17 SC Lifting Points

The FAME spacecraft design shall incorporate provisions for lifting the bus with and without the instrument or instrument mass simulator.

3.2.1.8.18 Interstage Lifting Points

The interstage design shall incorporate provisions for lifting the interstage and the interstage/SRM assembly.

3.2.1.8.19 SC Shipping Container

An appropriately sized and designed shipping container shall be used for transportation of the FAME spacecraft to the launch site and any non-NRL testing facilities. The FAME program has arranged with the GSFC Explorers Office for use of the XTE/TRMM shipping container for this purpose. 

3.2.1.8.20 FV Shipping Container

An appropriately sized and designed shipping container shall be used for transportation of the FAME Flight Vehicle at the launch site as required.
3.2.1.8.21 Mass Simulators

Provide all mass simulators necessary to support bus, instrument, and spacecraft testing.

3.2.1.8.22 Alignment Reference

The bus design shall incorporate provisions for mounting optical reference surfaces as required to support alignment activities.

3.2.1.8.23 Test Fixtures

All necessary test fixtures shall be provided to support component and system level testing. Test fixtures shall be designed with appropriate factors of safety as specified in the FAME Design Loads and Analysis Plan, NCST-D-FM017.

3.2.1.8.24 Handling and Lifting

All necessary handling and lift fixtures shall be provided to support integration and test, transportation and field operations. Fixtures shall be designed with appropriate factors of safety and tested in accordance with NRL and range safety requirements.

3.2.1.8.25 Assembly Fixtures

The structures subsystem will provide all necessary tooling and assembly fixtures for efficient and accurate fabrication and assembly of FAME flight hardware.

3.2.1.9 Thermal Control Subsystem

3.2.1.9.1 Thermal Stability

The Thermal Control Subsystem (TCS) shall provide thermal stability to the spacecraft bus so as not to preclude the ACS system from meeting mission requirements.

3.2.1.9.2 Non-Operational Temperature Limits

3.2.1.9.2.1 Electronics Boxes 

Unless otherwise specified, all electronics boxes and components shall be maintained between -10 and +50 (C when that particular component is non-operational.

3.2.1.9.2.2 Battery 

The battery temperature shall be maintained between 0 and +30 (C at all times.

3.2.1.9.2.3 RCS Components

The Reaction Control Subsystem (RCS) component temperatures shall be maintained between 0 and +60 (C when the spacecraft is non-operational and the RCS has no propellant present (“Dry”).

3.2.1.9.2.4 Structure 

The structure temperature shall be maintained between -20 and +60 (C when the spacecraft is non-operational.

3.2.1.9.2.5 Electronics Deck Gradients 

The temperature gradient across the deck shall be maintained within 15 (C (TBR) when the spacecraft is non-operational.

3.2.1.9.2.6 Instrument Interface 

The instrument interface temperature shall be maintained between 0 and +40 (C when the instrument is non-operational.

3.2.1.9.2.7 Solar Cells

The solar cells shall be maintained between -90 and +110 (C when the spacecraft is non-operational.

3.2.1.9.2.8 AKM 

The AKM temperature shall be maintained between +4 and +32 (C when the spacecraft is non-operational prior to AKM burn.

3.2.1.9.2.9 AKM Casing Gradients 

The temperature gradient from side to side shall not exceed 10 (C within 30 minutes prior to AKM burn. The top to bottom gradient shall be minimized. 

3.2.1.9.2.10 Star Tracker

The star trackers shall be maintained between -30 and +50 (C when the spacecraft is non-operational.

3.2.1.9.2.11 Release Devices

The release devices shall be maintained between -30 and +80 (C when the spacecraft is non-operational.

3.2.1.9.2.12 Trim Motors

The trim motors shall be maintained between -40 and +80 (C at all times.

3.2.1.9.2.13 Magnetometers

The Magnetometers shall be maintained between -40 and +60 (C when the spacecraft is non-operational. Spin period temperature variations shall be minimized.

3.2.1.9.2.14 Torque Rods

The Torque Rods shall be maintained between -10 and +50 (C when the spacecraft is non-operational.

3.2.1.9.2.15 Antenna Baseplate

The Antenna baseplates shall be maintained between -50 and +100 (C when the spacecraft is non-operational.

3.2.1.9.2.16 Sun Sensors

The Sun Sensors shall be maintained between -20 and +70 (C when the spacecraft is non-operational.

3.2.1.9.2.17 Trim Tabs/Areas

The Trim Tabs and Trim Areas shall be maintained between -140 and +70 (C when the spacecraft is non-operational.

3.2.1.9.3 Operational Temperature Limits

3.2.1.9.3.1 Electronics Boxes 

Unless otherwise specified, all electronics boxes and components shall be maintained between 0 and 40 (C when that particular component is operational.

3.2.1.9.3.2 Battery 

The battery temperature shall be maintained between 0 and 30 (C at all times.

3.2.1.9.3.3 RCS Components Including Propellant

The RCS component temperatures shall be maintained between 7 and +30 (C when the spacecraft is operational. 

3.2.1.9.3.4 Instrument Interface 

The instrument interface temperature shall be maintained between 0 and +40 (C during instrument operations.

3.2.1.9.3.5 Electronics Deck Gradients 

The temperature gradient across the deck shall be maintained within 10 (C (TBR) when the spacecraft is operational.

3.2.1.9.3.6 Solar Cells 

The solar cells shall be maintained between -80 and +100 (C when the spacecraft is operational.

3.2.1.9.3.7 AKM 

The AKM temperature shall be maintained below +370 (C during and following AKM burn.

3.2.1.9.3.8 Structure 

The structure temperature shall be maintained between -10 and +50 (C when the spacecraft is operational.

3.2.1.9.3.9 Star Tracker

The star trackers shall be maintained between -15 and 0 (C when the spacecraft is operational.

3.2.1.9.3.10 Release Devices

The release devices shall be maintained between -20 and +60 (C when the spacecraft is operational.

3.2.1.9.3.11 Trim Motors

The trim motors shall be maintained between -40 and +80 (C at all times.

3.2.1.9.3.12 Magnetometers

The Magnetometers shall be maintained between -30 and +50 (C when the spacecraft is operational. Spin period temperature variations shall be minimized.

3.2.1.9.3.13 Torque Rods

The Torque Rods shall be maintained between 0 and +40 (C when the spacecraft is operational.

3.2.1.9.3.14 Antenna Baseplate

The Antenna baseplates shall be maintained between -30 and +70 (C when the spacecraft is operational.

3.2.1.9.3.15 Sun Sensors

The Sun Sensors shall be maintained between -10 and +60 (C when the spacecraft is operational.

3.2.1.9.3.16 Trim Tabs/Areas

The Trim Tabs and Trim Areas shall be maintained between -80 and +40 (C when the spacecraft is operational.

3.2.1.9.3.17 Margins

All component temperatures shall have 5(C of margin between those components requirements and the predicted temperature extremes.

3.2.1.9.4 Environment

3.2.1.9.4.1 Solar Flux

1308 to 1400 W/m2 shall be the conservative environmental solar constant range used for cold and hot extremes respectfully.

3.2.1.9.4.2 Albedo

21% of the cold and 30% of the hot extreme solar constant values shall be used as the cold and hot extremes respectfully for the Earth Albedo environmental constants.

3.2.1.9.4.3 Earth IR

232 to 276 W/m2 shall be the conservative environmental Earth emitted IR constant range used for cold and hot extremes respectfully.

3.2.1.9.4.4 Eclipse Duration

A maximum eclipse time of 71 minutes per day for a maximum 20 consecutive days shall be assumed for cold case analyses.

3.2.1.9.4.5 Launch Vehicle

The environments created, including temperature, purge capability, vent rate, free molecular heating rate at time of fairing separation, before and during launch of a DELTA II vehicle with a 10 foot fairing, shall be incorporated into the prelaunch and launch environmental analyses.

3.2.1.9.5 Power

3.2.1.9.5.1 Electronics

3.2.1.9.5.1.1 Operational

183 watts shall be assumed to be dissipated on the electronics deck during the operational phase of the mission.

3.2.1.9.5.1.2 Survival

71 watts shall be assumed to be dissipated on the electronics deck during the survival phase of the mission.

3.2.1.9.5.1.3 Launch Sequence

51 watts shall be assumed to be dissipated on the electronics deck during the launch phase of the mission.

3.2.1.9.5.2 Heater Circuits

3.2.1.9.5.2.1 Operational

86 watts of operational heater power will be assumed to be dissipated during the operational phase of the mission

3.2.1.9.5.2.2 Survival

65 watts of operational heater power will be assumed to be dissipated during the operational phase of the mission

3.2.1.9.5.2.3 Launch Sequence

25 watts of operational heater power will be assumed to be dissipated during the operational phase of the mission
3.2.1.9.5.2.4 Design Margins

Design margins are built into the design since all heater circuits shall be sized for a 24 volt bus voltage. Nominal bus voltage is assumed to be 30 ( 6 volts.

3.2.1.9.5.2.5 Magnetic Field Generation

Heater circuits shall be designed such that the generation of magnetic fields are minimized.

3.2.1.9.6 Parts and Materials

3.2.1.9.6.1 General

All components and materials used in the construction and assembly of the TCS shall have material certification with lot number traceability.

3.2.1.9.6.2 Multi-Layer Insulation (MLI) Blankets 

3.2.1.9.6.2.1 Materials

All components and materials used in the construction and assembly of MLI shall meet NASA requirements for outgassing (TML ( 1.0%, CVCM ( 0.1%).

3.2.1.9.6.2.2 Grounding

All MLI blankets shall be redundantly grounded to the structure with no single layer exceeding 10 Ohms to any point on the structure IAW NCST-D-FM018.

3.2.1.9.6.2.3 Stray Light Prevention

MLI blankets shall be designed, constructed and installed so as not to create stray light exposed to the instrument.
3.2.1.9.6.2.4 MLI Surface Flatness

All MLI blankets shall be designed, constructed and installed so as to maintain a maximum surface flatness to 0.25 inch (TBR) or less over a 12.0 inch span.
3.2.1.9.6.3 Applied Optical Surfaces

Any metalized tapes or optical surface reflectors applied to structural surfaces external to the spacecraft shall be provided with some (TBD) path to ground.
3.2.1.9.6.4 Optical Property Variations

In order to minimize variations in surface temperature, when optical surfaces are applied, single and adjacent surfaces shall be treated with materials having the same lot numbers. When this is not possible, materials shall be measured and matched to installed surface reflectors subject to approval of the cognizant thermal engineer. 
3.2.1.9.6.5 Optical Property Degradation

All external thermal control surfaces used shall have documented optical property degradation predictions gathered from either flight or test data representative of a 5 year GEO mission. 

3.2.1.9.7 Thermal Closeout

The thermal closeouts shall be designed such that no thermal hardware will adversely affect the operation of any mechanism.

3.2.1.9.8 Electronics Boxes

3.2.1.9.8.1 Surface Coatings

Unless otherwise specified, all electronics boxes shall be provided with a high emittance surface.

3.2.1.9.8.2 Mating Surfaces

Unless otherwise specified, all electronics boxes shall be provided with a flat baseplate when the power dissipated exceeds 1.0 watt/in2. Additionally, all electronics boxes shall be installed with thermal grease or RTV when the power dissipated exceeds 5 watts. 

3.2.1.9.9 Temperature Testing Limits

3.2.1.9.9.1.1 Qualification

Qual test limits shall be 15(C below low extreme design temperatures and 15(C above high extreme design temperatures.
3.2.1.9.9.1.2 Acceptance

Acceptance test limits shall be 5(C below low extreme design temperatures and 5(C above high extreme design temperatures.
3.2.1.9.9.1.3 Protoflight

Protoflight test limits shall be 10(C below low extreme design temperatures and 10(C above high extreme design temperatures.

3.2.1.9.10 Solar Panels

3.2.1.9.10.1 Solar Cell Layout

The solar cells shall be arranged on the panels so as to minimize thermal gradients and insure uniform panel temperatures.
3.2.1.9.10.2 Solar Cell String Operations Management

During flight operations, solar cell strings shall be managed, turning strings on and off, in a symmetrical fashion in order to minimize differential temperatures between panels insuring minimal impact on the Attitude Control Subsystem (ACS). 

3.2.2 Reliability

The FAME FV shall be designed and built to the highest Reliability and Quality Assurance (R&QA) program level that can be implemented within the FAME schedule and cost constraints. The FAME FV shall be designed to perform as specified with a 5.0-year Probability of Success of [TBD]. Degraded modes of operation are allowable in making the reliability calculations. Non-redundant, single-string designs should be used to contain costs and single-point-failure (SPF) modes will be allowable.
3.2.3 Maintainability

No scheduled and preventive maintenance shall be required to meet the performance requirements specified herein.

3.2.4 Environmental Conditions

Environmental conditions are listed and defined in the FAME Mission Requirements Document, NCST-D-FM002.

3.2.5 Transportability

bo. Shipping Container: A shipping container shall be provided for storage and transportation of the observatory. The container shall protect the observatory from damage and contamination during transportation and storage.

bp. Packaging and Transportation: A packaging and transportation plan or procedure shall be developed. The plan shall address special handling requirements as applicable to the unit being delivered. Transportation of any explosive devices (i.e., ordnance) shall be in accordance with the requirements of the applicable carrier.

bq. Marking: Marking for shipment shall be appropriate for the mode of shipment.

3.3 Design and Construction

3.3.1 Design Standards, Workmanship Requirements, and Production Techniques

br. Standards of Manufacture: General manufacturing requirements shall be according to established supplier practices for spaceflight equipment.

bs. Contamination Control and Cleanliness: Cleanliness requirements shall be determined and controlled on an individual basis. NRL will prepare a Contamination Control Plan using information provided by suppliers as part of the Interface Control Working Group (ICWG) process. The plan will address a cost-effective contamination control program and the methods for implementation at each stage of the devel​opmental, integration, test, and launch processing activities.

bt. Connectors: Connector keying or equivalent means shall be used to prevent mismating. Connectors and connections shall have durable stripes, arrows, or other indications to show the positions of alignment pins or equiv​alent devices to prevent improper connection.

bu. Positive Locking Devices: Screw-type hardware for use on-orbit shall employ positive locking. As a goal, lockwashers and locking compounds will not be used.

3.3.2 Materials, Processes, and Parts

Requirements for FAME materials, processes, and parts are listed in the FAME Mission Requirements Document, NCST-D-FM002.

3.3.3 Electromagnetic Radiaton

All spacecraft bus components shall meet the requirements of NCST-D-FM018, FAME Electromagnetic Compatibility (EMC) Control Plan.
3.4 Precedence

The order of precedence of the requirements specified herein is:

bv. Safety;

bw. Mission;

bx. Design to cost;

by. Performance;

bz. Quality factors; and

ca. All other requirements are considered equal in order of precedence.

4. QUALIFICATION PROVISIONS

4.1 General

This section describes the analyses, tests, and inspections required for the FAME spacecraft bus verification process. Verification of design, construction, and performance of the FAME spacecraft bus will assure that the hardware and software conform to the requirements stated herein. The preferred method is test, where practical, to obtain empirical data to support verification. However, to meet program technical, schedule, and cost objectives, reuse of previously qualified flight equipment may dictate use of other verification methods (e.g., inspection, analysis, and review of design documentation). NRL will implement a quality assurance program in accordance with the requirements of NCST-D-FM005, FAME Product Assurance Plan, to verify compliance with specified requirements. 

The analyses, tests, and inspections specified in Table 4-1 (included at the end of this section) will be conducted to verify that all requirements specified in Section 3.0 have been achieved. Test requirements shall be as stated herein with planning information documented in NCST-TP-FM001, FAME System Integration and Test Plan.

4.2 Verification and Verification Documentation

The requirements of Section 3.0 shall be verified by one or more of the methods detailed in the Verification Requirements Checklist (Table 4‑1).

cb. Similarity;

cc. Analysis;

cd. Inspection; 

ce. Validation of Records;

cf. Demonstration and Measurement;

cg. Simulation;

ch. Review of Design Documentation; and

ci. Test.

Verification will be documented using the Verification Matrix. The matrix will include a separate record for each requirement to be verified. Each record will include the requirement, traceability information, verification description, compliance data, and approval block. A detailed description of the database and associated verification process will be documented in NCST-TP-FM001, FAME System Integration and Test Plan. All verification documentation will be made available to inspection, test, and assessment personnel. Applicable verification drawings, specifications, and procedures will be physically located at the verification site at the time of the verification event. When each verification event is complete, the information required to validate compliance to each requirement will be entered into the verification/compliance database for completion of the Verification Matrix.

4.2.1 Verification by Similarity

Verification by similarity is a method of verification that verifies a requirement based on existing results from components and assemblies of like kind and includes a review of prior relevant hardware configurations and applications. Hardware of similar design and manufacturing process that have been qualified to equivalent or more stringent specifications may be verified by similarity. 

4.2.2 Verification by Analysis

A method of verification, taking the form of the processing and accumulated results and conclusions, intended to provide proof that verification of a requirement(s) has been accomplished. The analytical results may be based on engineering study, compilation or interpretation of existing information, similarity to previously verified requirements, or derived from lower level examinations, tests, demonstrations, or analyses. Analyses will be performed as specified in Table 4‑1 to verify applicable requirements of Section 3.0. The analytical methods that may be used include engineering analyses in the specified technical discipline, similarity to a previously verified requirement, review of drawings and data, use of experience, or prior testing. When an analysis is specified in Table 4‑1, a detailed engineering study to verify compliance with Section 3.0 of this document will be performed and documented.

4.2.2.1 Failure Mode and Effects Analysis

As part of the design process, a Failure Mode and Effects Analysis (FMEA) shall be performed according to established supplier procedures on each component “black box” at the interface only.

4.2.2.2 Reliability Analysis

As part of the design process, a system reliability analysis shall be performed using the guidelines of MIL-HDBK-217F. A reliability mathematical model based on system/subsystem/equipment functions shall be developed and maintained. This analysis will include a failure mode and effects analysis (FMEA) (paragraph TBD) and an electrical stress analysis (paragraph TBD). As part of the reliability analysis, care shall be taken to ensure that no unidentified single point failures (SPFs) exist. Any SPF that cannot be corrected shall be documented. Special care, through electrical parts screening, component derating, and/or extra testing shall be taken to minimize risks due to SPFs. The results will be used to correct any over stressed part condition or single point failure.

4.2.2.3 Worst Case Analysis

An FAME observatory worst-case analysis will be performed by NRL in accordance with SSD-D-210B, Worst Case Analysis, to verify that the FAME observatory will meet the performance requirements anticipated during its operating life when subjected to varying parameters such as voltage or temperature. The component supplier shall provide inputs to the WCA process.

4.2.2.4 Radiation Analysis

A radiation analysis will be performed on parts planned for use to determine the existence of any parts that are susceptible to failure at a total radiation dose level of 1 x 104 Rads (Si). Any parts so identified will be eliminated or shielded to meet radiation requirements.

4.2.3 Verification by Inspection

An element of verification consisting of investigation, without the use of special laboratory appliances or procedures, to determine compliance with requirements. Examination is nondestructive and includes (but is not limited to) visual inspection, simple physical manipulation, gauging, and measurement. Inspections will be performed as specified in Table 4-1 to verify applicable requirements of Section 3.0. These inspections are to be performed before unit qualification or acceptance testing as part of the normal quality control inspection process.

4.2.4 Validation of Records

Validation of records is a method of verification that consists of a systematic review of all relevant records to demonstrate compliance with a requirement. This method occurs as part of the hardware and software buy-off process. For requirements verified by this method, the approved buy-off package will serve to certify verification.

4.2.5 Demonstration or Measurement

A method of verification that is limited to readily observable functional operation to determine compliance with requirements. This method will not require the use of special equipment or sophisticated instrumentation. 

4.2.6 Simulation

Verification by simulation is a process of verifying a requirement through the use of a representative device or system that emulates the behavior of a device or system to be verified. This method is often used when direct measurement is not possible.

4.2.7 Review of Design Documentation

Verification by the review of design documentation is a method of verification that consists of a systematic review of design documentation to determine compliance with a requirement.

4.2.8 Verification by Test

A method of verification that employs technical means, including (but not limited to) the evaluation of functional operation by use of special equipment or instrumentation, simulation techniques, and the application of established principles and procedures to determine compliance with requirements. The analysis of data derived from test is an integral part of this verification method. 

Verification performed by test will be conducted according to NCST-TP-FM001, FAME System Integration and Test Plan. Criteria and procedures for critical parameters monitoring during test will be developed and include, as appropriate, test chamber temperature, test article temperature, pressure, test voltages and currents, test acoustic spectrum and level, test vibration spectrum and level, illumination, particle or radiation flux, instrument response and telemetry, and contamination. The FAME observatory program will reuse existing hardware to the maximum extent possible and as such will verify selected design requirements via previous qualification test data rather than retest. NCST-TP-FM001, FAME System Integration and Test Plan, provides a verification matrix delineating the specific verification methods to be used. The FAME observatory program will use the four types of tests specified below:

cj. Functional tests (paragraph 4.2.8.1) to verify in an abbreviated fashion that the unit or system is functioning;

ck. Performance tests (paragraph 4.2.8.1) to demonstrate and quantify the specified electrical and mechanical performance parameters of the unit or system;

cl. Qualification (paragraph 4.2.8.2) tests to verify inherent functional performance capabilities in excess of the design requirements over the specified environment, including special interface qualification tests performed at KSC or NRL using flight equivalent units; and

cm. Acceptance tests (paragraph 4.2.8.3) to gain confidence that each unit has achieved the inherent design capability verified on a sample basis.

4.2.8.1 Functional/Performance Tests

Functional or performance tests will be performed before, during, and after environmental exposures as part of the acceptance and qualification test sequences. This performance check will be made according to approved test procedures. A record will be made of all data necessary to determine complete operational and performance characteristics.

4.2.8.2 Qualification Tests

Qualification tests will be conducted to demonstrate that the design and manufacturing methods used in the construction of the FAME observatory have resulted in an item that meets the specified requirements and has suitable margins when exposed to the expected operating environments. The following qualification tests shall be performed as detailed in the Verification Requirements Checklist (Table 4-1).

4.2.8.2.1 Modal Survey

Tests may be conducted to achieve agreement between the analytical structural model and the space segment structure as detailed in NCST-TP-FM001, FAME System Integration and Test Plan.

4.2.8.2.2 Vibration

Verification will be conducted to assure compliance with NCST-TP-FM001, FAME System Integration and Test Plan.

4.2.8.2.3 Acoustics

Verification will be conducted to assure compliance with  NCST-TP-FM001, FAME System Integration and Test Plan.

4.2.8.2.4 Pyrotechnic Shock

Verification will be conducted to assure compliance with NCST-TP-FM001, FAME System Integration and Test Plan.

4.2.8.2.5 Thermal Vacuum

Verification will be conducted to assure compliance with NCST-TP-FM001, FAME System Integration and Test Plan.

4.2.8.2.6 Thermal Balance

Tests will be conducted to verify the FAME observatory thermal design at the subsystem level as detailed in NCST-TP-FM001, System Integration and Test Plan.

4.2.8.2.7 EMI/EMC

Verification will be conducted to assure compliance with NCST-TP-FM001, FAME System Integration and Test Plan.

4.2.8.3 Acceptance Tests

Acceptance tests will be conducted to demonstrate acceptability of an item for movement to the next stage of testing or buy-off. Acceptance tests are intended to act as a quality screening and process control tool to detect deficiencies of workmanship, material, and quality. The following acceptance tests shall be performed as detailed in Table 4-1.

4.2.8.3.1 Acoustics

Verification will be conducted to assure compliance with NCST-TP-FM001, FAME System Integration and Test Plan.

4.2.8.3.2 Random Vibration

Verification will be conducted to assure compliance with NCST-TP-FM001, FAME System Integration and Test Plan.

4.2.8.3.3 Thermal Vacuum

Verification will be conducted to assure compliance with NCST-TP-FM001, FAME System Integration and Test Plan.

4.2.8.3.4 Pyrotechnic Shock

Live firing tests will be conducted (to the maximum extent possible) to verify compliance with paragraph 3.2.8.7 as detailed in NCST-TP-FM001, System Integration and Test Plan.

4.2.9 Verification of Safety Requirements

Safety related requirements will be verified as part of the safety review process. A database of all safety hazard reports will be created that shows traceability from each of the safety requirements of this specification to each related hazard report. The database will include a definition of the verification method to be used to assure compliance for each hazard report.

4.2.9.1 Software Verification Tests

Existing test automation and requirements traceability software will be used to the maximum practical extent in support of verification activities. Test software interfacing with flight hardware will be verified prior to verification tests. 

4.2.9.2 Independent Validation of Computer Programs

All computer programs performing on-line mission-critical operational functions in any FAME observatory system segment will be subject to an independent verification and validation (IV&V).

4.3 Verification Level

Verification levels are those hardware levels used to identify discrete verification activities. Verification of the FAME observatory requirements delineated in Section 3 shall be performed as specified in the Verification Requirements Checklist (Table 4-1).

4.3.1 Component

A functional unit that is viewed as an entity for the purposes of analysis, manufacturing, maintenance, or record keeping. Examples include actuators, valves, and individual “black boxes”.

4.3.2 Subsystem

A combination of items (components, structures, and interconnections) that perform a major task. Major FAME observatory subsystems are listed in paragraph 3.7.

4.3.3 System

An integrated set of all subsystems, components, and interconnections that form the complete flight item.

Table 4‑1. Verification Requirements

	Paragraph
	Title
	Verification Method
	Level
	Reference

	
	
	Similarity
	Analysis
	Inspection
	Records
	Demonstration or 
Measurement
	Simulation
	Review
	Test
	
	

	
	
	
	
	
	
	
	
	
	Functional
	Performance
	Qualification
	Acceptance
	
	

	3.
	REQUIREMENTS
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.1
	Item Definition
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.1.1
	Prime Item Diagrams
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.1.2
	Interface Definition
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.1.3
	Major Components List
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.1.4
	Government Furnished Property List
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.1.5
	Government Loaned Property List
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2
	Characteristics
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1
	Performance Characteristics
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.1
	Attitude Determination and Control Subsystem (ADCS)
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.1.1
	Spin Period
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.1.2
	Modelable Spin Rate Variation
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.1.3
	Sun Angle
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.1.4
	Precession Period
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.1.5
	Modelable Cross Scan Motion
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.1.6
	Principal Axis Misalignment
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.1.7
	Instrument Attitude Acquisition
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.1.8
	Observatory Balance & Trim
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.1.8.1
	Center of Pressure to Center of Mass Offset Trim
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.1.8.2
	Principal Axis Misalignment Trim
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.1.8.3
	Solar Precession Rate Adjustment
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.1.9
	Operational Modes
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.1.9.1
	Closed Loop Spin Rate Control
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.1.9.2
	Active Nutation Control
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.1.9.3
	Spin Axis Precession
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.1.9.4
	Inertial Pointing
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.1.9.5
	Data Collection Mode
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.1.9.6
	Safe Mode
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.1.10
	Sensor Processing
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.1.10.1
	Attitude Solution
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.1.10.2
	Rate Measurement
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.1.10.3
	Three Axis Magnetometer Data Processing
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.1.11
	Sensors
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.1.11.1
	Star Tracker
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.1.11.2
	Inertial Measurement Unit
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.1.11.3
	Spinning Sun Sensors
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.1.11.4
	Coarse Sun Sensors
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.1.11.5
	Three Axis Magnetometer
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.1.12
	Control
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.1.12.1
	High Spin Rate Modes
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.1.12.2
	Low Spin Rate or Inertial Modes
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.1.13
	Actuators
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.1.13.1
	Thrusters
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.1.13.2
	Electromagnetic Torquers
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.2
	Command, Telemetry, and Data Handling Subsystem
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.2.1
	Performance Requirements
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.2.1.1
	Uplink Deformatting and Decoding
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.2.1.2
	Downlink Formatting Formatting and Encoding
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.2.1.3
	Telemetry Gathering
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.2.1.4
	Command Processing
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.2.1.5
	Instrument Control
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.2.1.6
	Attitude Determination and Control Processing and commanding
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.2.1.7
	Mission Data Buffering
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.2.1.8
	Time Distribution
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.2.2
	Interface Requirements
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.3
	Electrical Power Subsystem
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.3.1
	Bus Voltage
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.3.2
	Fault Protection
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.3.3
	Low-Power Recovery
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.3.4
	Stored Energy
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.3.5
	Power Profile
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.3.6
	Battery Capacity
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.3.7
	Power Distribution
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.3.8
	Critical Bus Power
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.3.9
	Solar Array
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.3.10
	Wire Harness
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.3.11
	Ordnance Control
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.3.12
	Spacecraft Magnetic Dipole Moment
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.4
	Flight Software
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.4.1
	Software Management Plan
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.4.2
	Configuration Control
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.4.3
	Software Functionality
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.4.3.1
	System Resource Manager
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.4.3.2
	Command and Telemetry
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.4.3.3
	Stored Commanding
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.4.3.4
	Attitude Determination and Control
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.4.3.5
	Orbit Propagation
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.4.3.6
	Payload Controller
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.4.3.7
	Fault Detection and Recovery
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5
	Mechanism Subsystem
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.1
	Spacecraft Separation
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.1.1
	Tipoff Rate
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.1.2
	Separation Velocity
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.1.3
	Redundancy
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.1.4
	Ground handling V Clamp
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.1.5
	Orbital Debris
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.2
	Trim Areas
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.2.1
	Trim Area Quanitity
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.2.2
	Degrees of Freedom
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.2.3
	Total Life Cycles
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.2.4
	Torque Margin
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.2.5
	Pitch Angle Error
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.2.6
	Radial Angle Error
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.2.7
	Clocking Angle Error
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.2.8
	Area Flatness
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.2.9
	Angular Travel
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.2.10
	Angular Resolution
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.2.11
	Surface Area
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.2.12
	Center of Pressure
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.2.13
	Temperature Gradient
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.2.14
	Launch Retention
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.2.15
	Positon Feedback
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.3
	Trim Tabs
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.3.1
	Quantity
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.3.2
	Degrees of Freedom
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.3.3
	Total Life Cycles
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.3.4
	Torque Margin
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.3.5
	Pitch Angle Error
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.3.6
	Radial Angle Error
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.3.7
	Clocking Angle Error
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.3.8
	Tab Flatness
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.3.9
	Angular Travel
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.3.10
	Angular Resolution
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.3.11
	Surface Area
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.3.12
	Center of Pressure
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.3.13
	Temperature Gradient
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.3.14
	Launch Retention
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.3.15
	Position Feedback
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.4
	Trim Masses
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.4.1
	Quantity
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.4.2
	Mass
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.4.3
	Linear Travel
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.4.4
	Linear Resolution
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.4.5
	Center of Travel Location Knowledge
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.4.6
	Assembly and Deployment Angle
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.4.7
	Launch Retention
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.4.8
	Total Life Cycles
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.4.9
	Torque Margin
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.4.10
	Position Feedback
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.5
	Bus Voltage
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.6
	Maximum Jitter
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.6.1
	Along Scan
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.5.6.2
	Cross-Scan
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.6
	Radio Frequency Subsystem
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.6.1
	Uplink
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.6.2
	Downlink
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.6.3
	Ranging
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.6.4
	Electrical Input/Output
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7
	Reaction Control Subsystem
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.1
	Three Axis Attitude Control
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.2
	Spacecraft Delta Velocity
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.3
	Pressure Safety Factors
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.4
	Mechanical Activation
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.5
	Electrical Activation
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.6
	Surge Pressure
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.7
	Component Cleanliness
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.8
	Power
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.9
	External Leakage
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.10
	Valve Internal Leakage
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.11
	Thrusters
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.11.1
	Thruster Control Authority Margin
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.11.2
	Simultaneous Thruster Firings
	
	
	
	
	
	
	
	
	
	
	
	
	..

	3.2.1.7.11.3
	Thruster Pulses
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.11.4
	Spacecraft Impulse Bit
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.11.5
	Spacecraft Thrust Levels
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.11.6
	Spacecraft Burn Duration
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.11.7
	Cold Starts
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.11.8
	Total Impulse per Thruster
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.11.9
	Mechanical Alignment
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.11.10
	Mechanical Alignment Knowledge
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.11.11
	Protective Covers
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.12
	Propellant Hardware
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.12.1
	Tank Design
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.12.2
	Propellant Center of Mass
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.12.3
	Propellant Slosh
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.12.4
	Propellant Slosh Frequency
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.12.5
	Fill Valve Protective Covers
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.13
	Propellant
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.13.1
	Type
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.13.2
	Mass Allocation
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.13.3
	Servicing Equipment
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.14
	Apogee Kick Motor (AKM)
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.14.1
	Delta Velocity
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.14.2
	Mass Allocation
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.14.3
	Case Leakage
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.14.4
	Acceleration
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.14.5
	Offload
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.14.6
	Spin Rate
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.14.7
	Static Balance
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.14.8
	Dynamic Balance
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.14.9
	Mass Simulator
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.14.10
	Thermal Model
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.14.11
	Shipping Container
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.7.14.12
	Ground Support Equipment
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8
	Structures Subsystem
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.1
	Stowed Envelope
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.2
	Deployed Configuration
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.3
	Coordinate System
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.4
	Launch Vehicle Interface
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.5
	Instrument Interface
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.6
	Solar Array Area
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.7
	Solar Array Substrate Flatness
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.8
	Electronics Deck Flatness
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.9
	Electronics Deck Radiating Surface
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.10
	Locations
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.10.1
	Coarse Sun Sensor
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.10.2
	Spin Sun Sensor
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.10.3
	Star Tracker
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.10.4
	IMU
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.10.5
	Trim Tab
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.10.6
	Trim Tab Orientation
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.10.7
	Trim Area
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.10.8
	Trim Mass
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.10.9
	Propellant Tank
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.10.10
	Thruster
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.10.11
	Propellant Fill and Drain Valve
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.10.12
	AKM
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.10.13
	RF Antenna
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.10.14
	Instrument Orientation
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.10.15
	Ordnance Arming Plug
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.10.16
	Separation Connectors
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.11
	Mass Properties
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.11.1
	Total Mass
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.11.2
	Fight Vehicle Static Balance
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.11.3
	Flight Vehicle Dynamic Balance
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.11.4
	Observatory Static Balance
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.11.5
	Observatory Axial CG Location
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.11.6
	Observatory Spin Inertia
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.11.7
	Observatory Transverse Inertia
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.11.8
	Observatory Product of Inertia
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.11.9
	Mass Report
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.12
	Maximum Jitter
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.12.1
	Along Scan
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.12.2
	Cross-Scan
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.13
	Design Limit Loads (DLL)
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.14
	Natural Frequency
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.15
	Factors of Safety (FOS)
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.16
	FV Lifting Points
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.17
	SC Lifting Points
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.18
	Interstage Lifting Points
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.19
	SC Shipping Container
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.20
	FV Shipping Container
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.21
	Mass Simulators
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.22
	Alignment Reference
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1.8.23
	Test Fixtures
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5. PREPARATION FOR DELIVERY

5.1 Packaging and Transportation

A packaging and transportation plan or procedure shall be developed using NHB 6000.1C as a guide. Transportation of any explosive devices shall be in accordance with the requirements of the applicable carrier.

5.2 Marking

Marking for shipment shall be appropriate for the mode of shipment.

5.3 Storage

The FAME spacecraft bus, GSE, AKM, components, and spares, except for items specifically identified as being age sensitive, shall be capable of being stored for periods of at least two years without requiring major repair or maintenance at the end of storage.

6. NOTES

6.1 Acronyms and Abbreviations
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								MISSION PHASE

								Launch		GTO		Super Sync		GEO-Early GEO		GEO-Science		GEO-Science		Safe-Hold Mode

		Instrument Mode						Off		Off		Off		Boot, Standby		Boot, Stndby, Op		Focus		Survival

		Subsystem/Unit		Quantity		Pwr/Unit

		Command, Telemetry & Data Handling

		Fame Spacecraft Controller (FSC)		1				24.1		36.5		36.5		36.5		36.5		36.5		24.1

		Remote Interface Unit (RIU)		1				3.0		3.0		3.0		3.0		3.0		3.0		3.0

		CTDH Summary						27.1		39.5		39.5		39.5		39.5		39.5		27.1

		Attitude Determination and Control

		IMU (Litton LN200)		2		10.0		0.0		20.0		20.0		20		10		10		10.0

		Spinning Sun Sensor & Electronics (Adcole)		2		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.3

		Star Tracker (Terma)		2		10.0		0.0		0.0		10.0		10.0		10.0		10.0		0.0

		Electromagnetic Torquer (Ithaco)

		X,Y Axis		2		5.4		0.0		0.0		0.0		5.4		5.4		5.4		5.4

		Z Axis		1		8.9		0.0		0.0		0.0		8.9		8.9		8.9		8.9

		Thruster		8

		Coarse Sun Sensors		2		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0

		Magnetometer (Ithaco)		2		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0

		ADCS Summary						1.3		21.3		31.3		45.6		35.6		35.6		25.6

		Radio Frequency Subsystem

		Transponder - Receiver		2		4.0		8.00		8.00		8.00		8.00		8.00		8.00		8.00

		Transponder - Transmitter		2		37.0		0.00		37.00		37.00		37.00		37.00		37.00		37.00

		Solid State Power Amplifier		0		0.0		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		RF Summary						8.00		45.00		45.00		45.00		45.00		45.00		45.00

		Mechanisms

		Trim Tab Motor		3				0.0		0.0		0.0		0.0		0.0		0.0		0.0

		Trim Mass Motor		3				0.0		0.0		0.0		0.0		0.0		0.0		0.0

		Trim Area Motors		3				0.0		0.0		0.0		0.0		0.0		0.0		0.0

		Star Tracker Cover Motors		2				0.0		0.0		0.0		0.0		0.0		0.0		0.0

		Instrument Aperature Cover Motors		2				0.0		0.0		0.0		0.0		0.0		0.0		0.0

		Electrical Power Subsystem

		Power Control Distribution Electronics		1		0.0		15.0		37.0		37.0		53.0		53.0		53.0		24.0

		Battery		1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0

		EPS Summary						15.0		37.0		37.0		53.0		53.0		53.0		24.0

		Thermal Control Subsystem

		Star Tracker Htr		1		15		0.0		15.0		15.0		15.0		15.0		15.0		0.0

		Electronics Deck Htr		1		65		0.0		0.0		0.0		0.0		0.0		0.0		0.0

		Magnetometer Htr		2		10		0.0		20.0		20.0		20.0		20.0		20.0		0.0

		Instrument Interface Htr		1		20		0.0		20.0		20.0		20.0		20.0		20.0		0.0

		Thruster Valve Htr		12		1.5		0.0		18.0		18.0		18.0		18.0		18.0		0.0

		RCS Line Htr		1		20		0.0		0.0		0.0		0.0		0.0		0.0		20.0

		RCS Tank Htr		1		20		0.0		0.0		0.0		0.0		0.0		0.0		20.0

		Sun Sensors Htr		4		3		0.0		0.0		0.0		0.0		0.0		0.0		12.0

		Trim Area Motor Htr		3		3		0.0		0.0		0.0		0.0		0.0		0.0		9.0

		Trim Tab Motor Htr		3		3		0.0		0.0		0.0		0.0		0.0		0.0		9.0

		AKM Motor Htr		1		60		0.0		0.0		0.0		0.0		0.0		0.0		0.0

		CAT-BED Htrs		12		3		0.0		0.0		0.0		0.0		0.0		0.0		0.0

		TCS Summary						0.0		86.0		86.0		86.0		86.0		86.0		64.5

		Spacecraft Power By Operational Phase						51.35		228.75		238.75		269.05		259.05		259.05		186.15

		25% Spacecraft Contingency						12.8		57.2		59.7		67.3		64.8		64.8		46.5

		Total Spacecraft Power By Operational Phase						64.2		285.9		298.4		336.3		323.8		323.8		232.7

		Instrument

		Electronics

		Focal Plane Assembly						0.0		0.0		0.0		0.0		0.0		0.0		0.0

		Camera Control Assembly						0.0		0.0		0.0		0.0		0.0		0.0		0.0

		Analog Processor Assembly A		1		72		0.0		0.0		0.0		72.0		72.0		72.0		0.0

		Analog Processor Assembly B		0		0		0.0		0.0		0.0		0.0		0.0		0.0		0.0

		Data Processor Assembly		1		51		0.0		0.0		0.0		51.0		51.0		51.0		0.0

		Operational Heaters

		Focal Plane Heater						0.0		15.0		15.0		1.67		1.7		1.7		4.2

		Structure Heater						0.0		5.0		5.0		10.8		10.8		10.8		10.8

		Survival Heater						0.0		40.0		40.0		0.0		0.0		0.0		40.0

		Focus Motors						0.0		0.0		0.0		0.0		0.0		30.0		0.0

		Instrument Power By Operational Phase						0.0		60.0		60.0		135.5		135.5		165.5		55.0

		20% Instrument Contingency						0.0		12.0		12.0		27.1		27.1		33.1		11.0

		Total Instrument Power By Operational Phase						0.0		72.0		72.0		162.6		162.6		198.6		66.0

		Total Observatory Power W/O Contingency								288.8		298.8		404.6		394.5		424.6		241.2

		Total Observatory Power W/Contingency						64.2		357.9		370.4		498.9		486.4		522.4		298.7
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