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1. SCOPE

1.1 Identification

This document applies to the Full-sky Astrometric Mapping Explorer (FAME) Observatory program, a NASA Medium Class Explorer (MIDEX) mission schedule for launch in July 2004.

1.2 System Overview

FAME will provide the positions, proper motions, parallaxes, and photometry of nearly all stars as faint as 15th visual magnitude with accuracies of 50 microarcseconds (mas) at 9th visual magnitude and 500 mas at 15th visual magnitude. Stars will be observed with the Sloan Digital Sky Survey g’, r’, i’, and z’ filters for photometric magnitudes. This is accomplished by a scanning survey instrument evolved from Hipparcos with a mission life of 2.5 years and an extended mission to 5 years.

1.2.1 Science Objectives

Results of this survey will definitively address five key scientific objectives having far-reaching astrophysical and cosmological significance:

a. Definitive calibration of the absolute luminosities of the “standard candles” (the galactic Cepheid variables and the RR Lyrae stars) that are fundamental in defining the distance scale to nearby galaxies and clusters of galaxies;

b. Calibration of the absolute luminosities of solar-neighborhood stars, including Population I and II stars, thus enabling diverse studies of stellar evolution and other important science. In the case of Population II subdwarfs, this will allow the determination of the distances and ages of galactic and extragalactic globular clusters with unprecedented accuracy;

c. Definitive determination of the frequency of solar-type stars orbited by brown dwarf companions in the mass range 10 to 80 Mjup and with orbital periods as long as about twice the duration of the mission. This will include an exploration of the transition region between giant planets and brown dwarfs, which appears to be in the range 10 to 30 Mjup;

d. Proper motions and distances for individual stars in star forming regions for determinations of ages and kinematics; and

e. A study of the kinematic properties of the survey of 4 x 107 stars within 2.5 kpc of the Sun, and in particular, assess the abundance and distribution of dark matter in the galactic disk with much greater sensitivity and completeness than previously possible.

The FAME investigation will also provide a catalog of star positions, proper motions, and colors that will meet spacecraft navigation, guidance, and attitude control needs of the United States Department of Defense (DoD) and NASA.

1.2.2 FAME Contributions to NASA Themes and Strategic Plan

FAME will provide vital and fundamental astronomical data that address key questions of three NASA themes:

f. For Origins, FAME will provide (a) the distance scale for the standard candles, (b) knowledge of stars in the solar neighborhood, and (c) detection of hundreds of substellar companions of solar-type stars, with a definitive exploration of the transition region between giant planets and brown dwarfs and the identification of prime targets for further research with SIM and TPF.

g. For Structure and Evolution of the Universe, FAME will provide (a) knowledge of stellar properties of our galaxy, (b) distance scale for the standard candles, (c) accurate reference for Gravity Probe B, (d) distribution of matter in the disk of our galaxy, and (e) understanding of how both dark and luminous matter determine the geometry and fate of the universe.

h. For Solar System, FAME will (a) detect or help identify other planetary systems, (b) help us understand how stars and other planetary systems form together, and (c) provide a very accurate reference frame for solar system observations.

1.2.3 Technical Approach

Much like Hipparcos, FAME is based on the use of a telescope that looks at two fields of view (FOVs) separated by a fixed basic angle (81.5 deg). The spacecraft rotates at a rate of once every 40 minutes and measures stars along a spiral. The rotation axis of the spacecraft precesses around the Sun direction 18.3 times a year to scan the whole sky. Unlike Hipparcos, which used an image dissector tube, FAME will use a CCD array with high quantum efficiency to determine transit times while simultaneously observing many stars. The CCDs will be used in a time-delayed integration (TDI) mode to synchronize the charge transfer with the rotation of the spacecraft.

An input catalog will be generated by the science team using data from USNO catalogs. The input catalog is required to “window” the pixel data. The accuracy needed is 0.1 arcseconds, which will be easily attained using USNO catalogs. The catalog will be loaded onboard the spacecraft and will be re-programmable after launch. Over the course of the 2.5-year mission, each of the mv ≥9 program stars will be scanned about 950 times. The data from all the targets will be analyzed in order to derive their positions, proper motions, parallaxes, and colors.

The FAME baseline mission is 2.5 years of continuous observations, interrupted only by orbit, attitude, and rotation adjustments, as necessary. The observations will include astrometric observations with the majority of CCDs, bright star observations through neutral density filters, and photometric observations through four filters. The instrument will observe 40,000,000 stars in the magnitude range 5 < mv < 15 with mission positional accuracies between 50 and 500 µas and photometry with milli-magnitude accuracies. The parallaxes and proper motions will be of equivalent accuracy.

1.2.4 Observatory

The FAME observatory consists of a spacecraft bus and a single instrument subsystem. The primary requirements of the instrument are to measure the positions, proper motions, parallaxes, and photometry of stars as faint as 15th magnitude. The primary requirements of the S/C bus are to place the instrument in the proper orbit, provide a long term stable platform for the instrument, and collect and forward the science data to the ground network.

The instrument for the FAME mission is based on an evolution of that flown on the ESA Hipparcos mission. The FAME instrument takes two essential geometric characteristics from Hipparcos: i) two widely separated fields of view that are combined on a single focal plane, and ii) a scan pattern that involves both a nominal spin axis orthogonal to the look directions and precession of that spin axis around the Sun direction. The instrument improves on the Hipparcos mission by using solar pressure for precession, thus eliminating thruster firings, and using a large format, high sensitivity mosaic of CCDs.

To put the instrument in the proper orbit, the S/C bus was designed with a central thrust tube and structure to accommodate an apogee kick motor and a hydrazine propulsion system. 

To provide a stable platform for the instrument, all actively moving components were eliminated. The S/C bus thermal design and operations modes are such that constant power and temperatures are maintained to eliminate structural expansion/contraction. Passive damping is employed to maintain a low level of jitter. 

Additionally, the spacecraft bus collects, buffers, formats for downlink, and transmits the instrument data to the ground network. The vehicle attitude and state of health are continually monitored for nominal conditions.

1.3 Document Overview

This document [summarize purpose]. It is organized as follows:

Section 1, Scope: 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, Title: Description of section.

Section 4, Title: Description of section.

Section 5, Title: Description of section.

Section 6, Notes: Includes a list of acronyms and abbreviations used in this document.

2. APPLICABLE DOCUMENTS

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 Government Documents

2.1.1 Specifications

MIL-M-38510J
Microcircuits, General Specification for

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)

2.1.3 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

2.1.4 Other Publications

EWRR 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


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 Nongovernment Documents

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

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.
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6. NOTES

6.1 List of Acronyms

CCD
Charge Coupled Device

DoD
Department of Defense

EEE
Electrical, Electronic, and Electromechanical

ESD
Electrostatic Discharge

FAME
Full-sky Astrometric Mapping Explorer

FOV
Field of View

MAR
MIDEX Assurance Requirements

MIDEX
Medium Class Explorer

NASA
National Aeronautics and Space Administration

NSDS
NASA Software Documentation Standard

TDI
Time Delay Integration
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