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1.0 SCOPE

1.1 Purpose

This Full-Sky Astrometric Mapping Explorer (FAME) Interface Control Document (ICD) provides the interface
requirements between the FAME observatory spacecraft bus and the FAME observatory instrument. This ICD
provides specific details of the complete accommodation information (e.g., mechanical/structural, thermal,
electrical, and command and data handling interfaces).

1.2 Precedence

The order of precedence of documents is as follows: (1) FAME Mission Requirements Document (NCST-D-
FM002), (2) the FAME Instrument Requirements Document (P546624), and (3) this ICD.

1.3 Definitions

a. Observatory: The observatory consists of the integrated the FAME spacecraft bus and instrument.

b. Subsystem: A functional subdivision of the spacecraft bus or instrument consisting of two or more components.

c. Component: A generally self-contained functional subdivision of a subsystem.

1.4 Approval and Change Authority

This ICD shall be approved and signed by authorized representatives of Lockheed Martin Space Systems Company,
Missiles and Space Operations, Advanced Technology Center (LM) (the instrument provider) and the Naval
Research Laboratory (NRL) (the spacecraft bus provider) to indicate joint agreement with the provisions contained
herein.

The approved document shall become effective immediately and be binding on the participating organizations until
a mutually-agreed revision is released.

1.5 Items to be Determined or Reviewed

Certain paragraphs or items in this ICD are marked TBD (to be determined) or TBR (to be resolved). These
markings indicate requirements or interface items that have not been defined (TBD) or agreed upon (TBR) by either
the FAME instrument provider or the FAME spacecraft bus provider. Items so marked are deemed to be resolvable
in a timely manner and should not delay the formal agreement on the remainder of the paragraphs in this ICD. TBD
and TBR items shall be removed by issuing an approved revision to this document per paragraph 1.4.
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2.0 APPLICABLE DOCUMENTS

2.1 Government Documents

The following documents of the exact issue shown form a part of this document to the extent specified herein. In the
event of conflict between the documents referenced herein and the contents of this document, the contents of this
document shall be considered a superseding requirement (except for those documents referenced in paragraph 1.2).
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.
Documents beginning with the control number “SSD” and “NCST” are program documents controlled by the NRL.

2.1.1 Specifications

Most active military specifications are available on-line from: http://astimage.daps.dla.mil/quicksearch

Number Title
Referenced in
Paragraph No.

MIL-P-27401C Propellant Pressurizing Agent, Nitrogen 4.4.1

2.1.2 Standards

Most active military standards are available on-line from: http://astimage.daps.dla.mil/quicksearch

Number Title
Referenced in
Paragraph No.

FED-STD-209D
Airborne Particulate Cleanliness Classes in Cleanrooms and Clean
Zones

4.6

MIL-STD-1553B Digital Time Division Command/Response Multiplex Data Bus 3.4, 3.4.3

MIL-STD-1246B Product Cleanliness Levels and Contamination Control Program 4.1

2.1.3 NASA Documents

Number Title
Referenced in
Paragraph No.

JSC-SP-R-0022
Vacuum Stability Requirements of Polymeric Material for Spacecraft
Application

4.3

MTB-402-85 Physical and Chemical Test Results of Plastic Films 4.3

NASA JSC SN-C-005 Space Shuttle Contamination Control Requirements Change No. 6 4.1.1, 4.1.2, 4.7

2.1.4 FAME Project Documents

Available to registered users at http://team8200.nrl.navy.mil/

Number Title
Referenced in
Paragraph No.

P5546624 FAME Instrument Requirements Document
1.2, 3.1.7.1, 3.1.7.2,
3.1.7.3

P546614 FAME Instrument Contamination Control Plan 4.1

NCST-D-FM002 FAME Mission Requirements Document 1.2

NCST-D-FM007 FAME Observatory Contamination Control Plan 4.1, 4.5

NCST-D-FM017 FAME Design Loads Analysis Plan 3.1.7.3
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Number Title
Referenced in
Paragraph No.

NCST-D-FM018 FAME EMI/EMC Control Plan

3.3.3.5.1,
3.3.3.5.1.2,
3.3.3.5.1.4,
3.3.3.5.2, 3.3.3.6.2

NCST-ICD-FM004
FAME Instrument to Spacecraft Bus Software Interface Control
Document

3.4, 3.4.7, 3.4.8

2.2 Non-Government Documents

The following documents form a part of this document to the extent specified herein. Unless otherwise indicated, the
issue in effect on the date of the invitation of bids or request for proposal shall apply. In the event of conflict
between the documents referenced herein and the contents of this specification, this specification shall take
precedence. 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.

2.2.1 Drawings

Number Title
Referenced in
Paragraph No.

FM-IC-0005 Mechanical Interface Drawing (MID)

3.1.2, 3.1.3.1,
3.1.3.2, 3.1.5.1,
3.1.5.1.1,
3.1.5.1.2.1,
3.1.5.1.2.2,
3.1.5.2.1, 3.1.5.2.2,
3.1.5.2.2.1, 3.1.6.4,
3.1.6.5, 3.1.8.1,
3.1.8.2, 3.2.5, 3.2.6,
3.3.5.3, 3.3.5.4, 4.2,
5.1.4

Electrical Interface Drawing (EID)
3.3.1, 3.3.3.6.1,
3.3.4.1

5874312 5.2.1

FM-TF-XXX 5.2.2
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3.0 INTERFACE REQUIREMENTS

3.1 Mechanical Systems

All requirements specified in this section shall be met at the FAME instrument-to-S/C bus mechanical interface. The
FAME instrument shall consist of what is contained inside of the instrument envelope defined in the instrument
envelopes section (3.1.2) and includes the flexure mounts.

3.1.1 Observatory Coordinate System

The observatory coordinate system is defined by the instrument coordinate system.

3.1.1.1 Orientation of Axis

The X, Y, and Z axes of the instrument reference coordinate frame are defined in Figure 3-1.

Figure 3-1. Observatory Reference Coordinate System

3.1.1.2 Origin of Coordinate System

The origins of the FAME observatory coordinate systems are as follows:

a. X and Y axis origins are at the instrument spin (Z) axis.

b. Z axis origin is at the plane defined by the bottom of the instrument flexure mounts.

3.1.2 Instrument Envelope

The instrument’s launch and operational envelopes are shown for reference only in Figure 3-2. The instrument’s
launch and operational envelopes are defined in Mechanical Interface Drawing, (MID) FM-IC-0005. All instrument
components shall be contained within this static envelope. The Star Trackers and Omni-directional Antenna
provided by NRL will be contained within this volume. The location and orientation of the NRL component(s) will
be mutually agreed to by NRL and LM and shown in the MID, FM-IC-0005 for reference.
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Figure 3-2. Instrument Static Envelope (for reference only)

3.1.3 Fields of View

3.1.3.1 Instrument Fields of View Allocation

The instrument fields of view (apertures and radiators) are provided in MID, FM-IC-0005. No spacecraft bus
component shall project into these views without specific concurrence by LM.

3.1.3.2 Star Tracker and Antenna Assembly Fields of View Allocation

The star tracker and antenna assembly fields of view are provided in MID, FM-IC-0005. No instrument component
shall project into these views without specific concurrence by NRL.

3.1.4 Mass Properties

3.1.4.1 FAME Instrument Mass Allocation

The FAME instrument mass shall not exceed 323 kg (711 lbm). This mass does not include the NRL provided star
tracker/antenna assembly, its thermal closeout, its wire harness, and the FAME Aperture Door Assembly (FADA)
wire harness.

3.1.4.2 Instrument Longitudinal Center of Mass Requirements

The FAME instrument launch configuration center of mass (CM) shall not exceed 750 mm (30 in.) above the
instrument/spacecraft bus interface plane. This location does not include the NRL provided star tracker/antenna
assembly, its thermal closeout, its wire harness, and the FADA wire harness.

3.1.4.3 Instrument Lateral Center of Mass Requirements

The FAME instrument launch and operational configurations center of mass (CM) shall not exceed 5 mm (0.20 in.)
offset from the instrument flexure centerline. This location does not include the NRL provided star tracker/antenna
assembly, its thermal closeout, its wire harness, and the FAME Aperture Door Assembly (FADA) wire harness.
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3.1.4.4 Moments and Products of Inertia

The FAME instrument products of inertia, Pxz and Pyz, with respect to the observatory coordinate frame, shall not
exceed 5000 lb-in2 (TBR). These inertias do not include the NRL provided star tracker/antenna assembly, its wire
harness, and its thermal closeout or the FADA harness.

3.1.4.5 Mass Budget and Mass Reporting

Both the FAME instrument and the S/C bus providers shall provide their current mass, moment of inertias, and
center of mass estimates in a timely manner over the length of the program. At a minimum, they shall be provided
during PDR, CDR, and system deliveries.

3.1.5 Mounting

3.1.5.1 Instrument to Spacecraft Bus Mounting

The instrument to spacecraft bolted interface is shown for reference only in Figure 3-3. The details of this interface
shall be as defined in the MID, FM-IC-0005.

Figure 3-3. Instrument to Spacecraft Bus Mounting (for reference only)

3.1.5.1.1 Location and Orientation

The FAME instrument will be located and oriented as defined in the MID, FM-IC-0005. For reference only, the
orientation is shown in Figure 3-3. As the observatory design matures, the rotational orientation of the FAME
instrument with respect to the S/C bus may vary to minimize the spin balance mass needed to balance the system.
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3.1.5.1.2 Instrument to S/C Bus Mounting Hardware

The instrument shall mount to the S/C bus via three (3) bipod flexure mounts.

3.1.5.1.2.1 Bipod Flexure Mounts

The bipod flexure mounts, as defined in MID, FM-IC-0005, shall be provided by LM.

3.1.5.1.2.2 Bipod to Spacecraft Bus Mounting Fasteners

Fasteners for mounting the bipods to the spacecraft bus as defined in MID, FM-IC-0005, shall be provided by NRL.

3.1.5.2 Star Tracker and Antenna Assembly Mounting

3.1.5.2.1 Star Tracker and Antenna Assembly Location and Orientation

The star trackers shall be located and oriented on the instrument as defined in MID, FM-IC-0005. This interface is
shown Figure 3-4 for reference only.

Figure 3-4. Star Tracker Location and Orientation (for reference only)

3.1.5.2.2 Star Tracker/Antenna Bolted Interface

The star tracker/antenna assembly shall be bolted to the instrument as shown in Figure 3-5. The detailed interface is
defined in MID, FM-IC-0005.

3.1.5.2.2.1 Star Tracker/Antenna Bolted Interface Hardware

Fasteners for mounting the star tracker/antenna assembly to the instrument shall be as described in the MID, FM-IC-
0005.

3.1.5.2.2.2 Star Tracker/Antenna Bolted Interface Hardware Provider

NRL shall provide the fasteners for mounting the star tracker/antenna assembly to the instrument.
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Figure 3-5. Star Tracker/Antenna Assembly Bolted Interface (for reference only)

3.1.6 Alignment

3.1.6.1 Instrument to Spacecraft Alignment Accuracy for X and Y Axes

The instrument shall be installed on the S/C bus such that the instrument is aligned in rotation about the X and Y
axes to less than 1.75 mrad (0.1 degree) in relation to the S/C bus geometric axes.

3.1.6.2 Instrument to Spacecraft Alignment Accuracy for Z Axis

The instrument shall be installed on the S/C bus such that the instrument is aligned in rotation about the Z axis to
less than TBD mrad (TBD degree) in relation to the S/C bus geometric axes.

3.1.6.3 Star Tracker to Instrument Alignment Knowledge

The alignment between each star tracker optical reference cube and the primary instrument alignment cube (PIAC)
shall be measured and known within ±4 arc seconds.

3.1.6.4 Instrument Alignment Cube Location and Orientation

The FAME instrument shall have an instrument alignment cube (IAC) located such that a minimum of two surfaces
are optically accessible during observatory integration. The location of the alignment cube(s) is provided in MID,
FM-IC-0005.

3.1.6.5 Star Tracker Alignment Cube Location and Orientation

Each star tracker shall have a alignment cube located such that a minimum of two surfaces are optically accessible
during observatory integration. The location of the alignment cube(s) is provided in MID, FM-IC-0005.

3.1.6.6 Alignment Parameters

3.1.6.6.1 Alignment Datums

For the purpose of observatory level alignments, the bus geometric axes are as defined in Table 3-1.

-Z
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Table 3-1. Bus Geometric Axes

X-Y datum plane Mating surface of the bottom ring of the S/C bus thrust tube

Z axis Perpendicular to the X-Y plane with the origin at the center of the thrust tube bottom ring.

+Z Along the length of the S/C bus tube in the direction of the instrument

-Y Between the two instrument apertures

+X Follows from right hand rule

3.1.6.7 Alignment Responsibilities

a. LM shall align the instrument boresight to the PIAC.

b. NRL shall align the PIAC to the spacecraft bus geometric axes and measure the relative alignment between the
star tracker alignment cubes and the PIAC.

3.1.7 Structural Design Requirements

3.1.7.1 Instrument Fixed-Base Frequencies

The minimum FAME instrument natural frequency in the launch configuration will be as defined in the Instrument
Requirements Document (IRD), P546624.

3.1.7.2 Interface Limit Loads Requirements

The FAME instrument interface limit loads in the launch configuration will be as defined in the IRD, P546624.

3.1.7.3 Factors of Safety

The factors of safety as defined in the FAME Design, Loads, and Analysis Requirements, NCST-D-FM017, will be
used in analyzing the S/C bus assemblies. The factors of safety as defined in the IRD, P546624 will be used in
analyzing the FAME instrument.

3.1.8 Access Provisions

3.1.8.1 Access to Instrument

Access to the FAME instrument including protective covers and purge, electrical, and mechanical interfaces is
shown in MID, FM-IC-0005, sheet 7.

3.1.8.2 Access to Spacecraft Hardware Mounted on the Instrument

Access to the Star Tracker and Antenna Assembly components including electrical interfaces, protective covers, and
mechanical interfaces is shown in MID, FM-IC-0005.

3.2 Operational Thermal Interface Requirements

3.2.1 Thermal Interface Description

The FAME instrument uses passive thermal control via localized radiating surfaces and multi-layer insulation (MLI)
in the normal operating mode. Thermostatically controlled heaters are necessary for survival.

3.2.2 Thermal Interface Between Instrument and Spacecraft

The thermal interface between the instrument and the solar array assembly is primarily due to radiative heat
exchange. The radiative heat exchange parameters shall be within the limits specified in Table 3-2.
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Table 3-2. Thermal Interface Between Instrument and Sunshield

Component/Subsystem
Surface Optical

Properties
(BOL α/ε ,  EOL α/ε) 

Nominal
Operating

Temperature
Range

Short-Term
Thermal Stability

(not including
eclipse)

Thermal
Stability
Including
Eclipse

Solar Array Panels* 0.92/0.88, 0.92/0.88 -125 ±15˚C
±10˚C over 40
minutes

+10 to -70˚C over
24 hours

Sun Shade Panels* 0.92/0.88, 0.92/0.88 -150 ±20˚C
±10˚C over 40
minutes

+10 to -55˚C over
24 hours

Trim Tabs* 0.92/0.88, 0.92/0.88 -105 ±15˚C
±15˚C over 40
minutes

+15 to -65˚C over
24 hours

Trim Areas* 0.92/0.88, 0.92/0.88 -155 ±15˚C
±10˚C over 40
minutes

+10 to -50˚C over
24 hours

Spin Up/Down Panels* 0.88/0.88 -40 ±85˚C TBR
±100˚C over 40
minutes

±100˚C over 24
hours TBR

Bus Cylinder MLI* 0.92/0.88, 0.92/0.88 -120 ±10˚C
±15˚C over 40
minutes

±20˚C over 24
hours

Thrust Tube Closeout
MLI*

0.92/0.88, 0.92/0.88 20 ±2˚C
±2˚C over 40
minutes

+10˚C over 24
hours TBR

Instrument MLI at SC
Interface**

0.11/0.04, 0.15/0.04 -5 ±5˚C
±1˚C over 40
minutes

±10˚C over 24
hours

Instrument MLI** 0.11/0.04, 0.15/0.04 -35 ±30˚C
±1˚C over 40
minutes

±10˚C over 24
hours

Instrument Apertures*** 1.0/1.0, 1.0/1.0 -140+10˚C
±10˚C over 40
minutes

±30˚C over 24
hours

Instrument FPA
Radiator**

0.11/0.04, 0.15/0.04 -60+60˚C
±0.5˚C over 40
minutes

±1˚C over 24
hours

*Instrument-facing surfaces of spacecraft

**Spacecraft-facing surfaces of the instrument

***Effective Radiation Node (ERN) temperature to be measured using MESS technique

3.2.3 Conduction Between Instrument and Spacecraft Bus at Mounting Interface

3.2.3.1 Temperature of Spacecraft Bus at S/C Bus to Instrument Mounting Interface

The temperature of the spacecraft bus side of the mounting interface shall be maintained at 20 ±2˚C .

3.2.3.2 Temperature of Instrument at S/C Bus to Instrument Mounting Interface

The temperature of the instrument side of the mounting interface shall be maintained at 20 ±2˚C.

3.2.3.3 Thermal Conductance of S/C Bus to Instrument Mounting Interface

The total thermal conductance of the flexure mounts shall be less than 0.08 W/˚C.

3.2.4 Thermal Interface Between Instrument and Star Tracker/Antenna Assembly

The thermal interface between the instrument and the star tracker/antenna assembly is due to conduction across the
star tracker/antenna assembly mounts and radiative heat exchange.

3.2.4.1 Temperature of Star Tracker/Antenna Assembly at Star Tracker/Antenna to Instrument
Mounting Interface

The temperature of the spacecraft bus side of the mounting interface shall be maintained at -5˚C ±10˚C.
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3.2.4.2 Temperature of Instrument at Star Tracker/Antenna to Instrument Mounting Interface

 The temperature of the instrument side of the mounting interface shall be maintained at 17 ±5˚C.

3.2.4.3 Thermal Conductance of Star Tracker/Antenna to Instrument Mounting Interface

The thermal conductance of the star tracker/antenna to Instrument flexure mounts shall be TBD W/ ˚C.

3.2.4.4 Radiation Between Instrument and Star Tracker/Antenna Assembly

The radiative heat exchange parameters shall be within the limits specified in Table 3-3.

Table 3-3. Thermal Interface Requirements Between Instrument and Star Tracker/Antenna
Assembly

Component/Subsystem
Surface Optical Properties

(BOL α/ε,  EOL α/ε)
Nominal Operating Temperature

Range

Star Tracker Chassis TBD -5 + 10˚C

Star Tracker Baffle Assembly (0.88/0.88, 0.88, 0.88) 10 ±20˚C TBR

Antenna Dome (0.23/0.88, 0.23/0.85) -80 ±20˚C TBR

Antenna Ground Plane (.15/0.05, 0.15/0.05) -80 ±20˚C TBR

STA Bracket/Radiator (0.07/0.80, 0.27,0.80) -10 ±15˚C TBR

Instrument MLI 0.0.11/0.04, 0.16/0.04 -30 ±40˚C

FPA Radiator 0.0.11/0.04, 0.16/0.04 -105 ± 5˚C

3.2.5 Temperature Monitoring

The location of the spacecraft provided FAME instrument interface temperature monitoring sensors is as shown in
the MID, FM-IC-0005.

The number and location of passive analog telemetry channels for instrument temperature monitoring is shown in
Table 3-16.

3.2.6 Thermal Control Interface Hardware

The blanket closeout at the spacecraft to instrument interface hardware is documented in the MID, FM-IC-0005.

3.2.6.1 Multilayer Insulation Requirements

The MLI for the FAME instrument will be provided by the LM. The instrument MLI shall be supported by the
instrument assembly and shall not require spacecraft bus structure for support. Instrument MLI shall accommodate
the star tracker/antenna assembly harness provided by spacecraft.

3.3 Electrical Interface Requirements

This section establishes the general and specific requirements for the electrical interfaces between the FAME
spacecraft bus and the FAME instrument. All requirements in this section shall be met at the electrical interfaces.

3.3.1 Electrical Interfaces

Key electrical and harness interface features are documented in the following figures. The list below provides a
mapping of figure number to major electrical interface type:

a. Figure 3-6 and EID: Electrical Interfaces

b. Figure 3-7 and EID: Operational and Survival Power Interface

c. Figure 3-8 and EID: Grounding Interface
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The electrical interfaces are defined to be at the Spacecraft Electrical Interface Plate, per FM-IC-0005. Detailed
electrical, power and grounding interface characteristics and requirements are provided in the following paragraphs.
Detailed interface characteristics and requirements of the Command and Telemetry Bus, and Passive Analog
interfaces are provided in the Command, Telemetry and Data Handling section.
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Figure 3-8. Grounding Interface

3.3.2 Electrical Interface Definitions

3.3.2.1 Power Interface

The FAME spacecraft bus shall provide redundant power inputs to the FAME instrument. The buses shall have
identical characteristics. For reference, the buses will be designated as Instrument Bus A and Instrument Bus B.

3.3.2.2 Power Switching

The spacecraft bus shall provide primary power switching for the FAME instrument.

3.3.3 Power Specifications

This paragraph defines the characteristics, connections, and control of the power provided by the FAME spacecraft
bus to the FAME instrument, and the requirements that must be met at the interface.

3.3.3.1 Instrument Power Harness

FAME instrument power harnesses shall be appropriately sized to support the peak allocated power levels and
spacecraft bus fusing.

3.3.3.2 Average and Peak Power Consumption Definition

The average power is defined to be the total power used by the FAME instrument averaged over one rotation period
(40 minutes). Peak power is the maximum power averaged over any 10 ms period, exclusive of turn-on transients.
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3.3.3.3 Instrument Power Allocation

The power consumed by the FAME instrument shall not exceed the average and peak operational power levels
specified in Table 3-4.

Table 3-4. Instrument Power Allocation (TBR)

Instrument
Survival Heater

Power Inst Htr
FPA Htr
Power

Total
Instrument

Power
Observatory

State
Instrument

State

Average Peak Average Peak Nominal Nominal Average Peak

Off Off 0 0 0 0 0 0 0 0

Launch Off 0 0 0 0 0 0 0 0

GTO Off 0 0 100 110 0 175 275 285

Super-sync Off 0 0 100 110 0 175 275 285

GEO-
Early GEO

Boot, Standby 275 275 0 0 130 0 405 405

GEO-
Science
Mission

Boot,
Standby,
Operating

276.4 281 0 0 130 0 406.4 411

GEO-
Science
Mission

Focus 276.4 321 0 0 130 0 406.4 451

Safe Hold
Survival
(Worst Case)

0 0 100 110 0 0 100 110

Note: The values provided in this table assume the following conditions:

(1) Survival power is available during GTO.

(2) FPA heaters will turn off after instrument degassing is complete.

(3) The FPA heaters will be turned off before the instrument is booted. (Early GEO)

(4) Both FPA heaters and survival heaters will not operate during normal mission operations.

3.3.3.4 Worst Case Peak Power Profiles

Figure 3-9 and Figure 3-10 shows the worst case instrument peak power profiles for the aperture door opening and
the focus mechanism. (Note: these events will not occur simultaneously.)
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3.3.3.5 Power Characteristics

3.3.3.5.1 Voltage

The instrument shall comply with the spacecraft bus voltage characteristics listed below and the FAME EMI/EMC
Control Plan (NCST-D-FM018).

3.3.3.5.1.1 Primary Instrument Voltage

The spacecraft bus shall supply switched instrument power at 30 ±6 Vdc for those instrument power levels indicated
in Table 3-4 of this ICD.

3.3.3.5.1.2 Power Bus Source Impedance

The spacecraft bus power source impedance shall be as specified in the FAME EMI/EMC Control Plan (NCST-D-
FM018).

3.3.3.5.1.3 Unannounced Removal of Power

The instrument shall not have permanently degraded performance or be damaged by the unannounced removal of
power.

3.3.3.5.1.4 Input Ripple

The ripple voltage on the power bus will be less than 5% peak-to-peak of line voltage over all frequency ranges
from 1 Hz to 10 MHz.

3.3.3.5.1.5 Abnormal Operation Steady-State Voltage Limits

Under abnormal conditions the instrument shall survive, without permanent degradation, steady-state voltages (V) in
the range of 0 to 24 Vdc.

3.3.3.5.2 Current

The current characteristics for the FAME instrument shall comply with paragraphs below and the requirements of
the FAME EMI/EMC Control Plan (NCST-D-FM018).

3.3.3.5.2.1 Instrument Turn-on Transients

Shall be limited to twice the average input operating current and shall settle to within 10% of nominal operating
values within 200 milliseconds after the application of power.

3.3.3.5.2.2 Instrument Turn-off Transients

a. The peak voltage generated on the instrument side of the power relay caused by inductive effects of the load
shall not fall outside the -2 Vdc to +40 Vdc range.

b. All instruments shall use suppression devices such as diodes across all filter inductors, relay coils, or other
energy sources, which could induce transients on the power lines during turn-off.

c. The suppression devices shall be located at the source of the inductive transients.

3.3.3.5.2.3 Back EMF

The FAME instrument shall not generate (net) negative current back into the spacecraft bus during any operating
mode.

3.3.3.5.2.4 Overcurrent Protection

The size and characteristics of the overcurrent protection devices shall be as described in Table 3-5.
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Table 3-5. Overcurrent Protection Device

Device Device Location Size Characteristics

DPA Bus A Fuse S/C Bus PCDE TBD TBD

DPA Bus B Fuse S/C Bus PCDE TBD TBD

APA A Fuse S/C Bus PCDE TBD TBD

APA B Fuse S/C Bus PCDE TBD TBD

Instrument Focal Plan Heater Fuse S/C Bus PCDE TBD TBD

Instrument Survival Heater Fuse S/C Bus PCDE TBD TBD

FAME Aperture Door Assembly TBD S/C Bus PCDE TBD TBD

3.3.3.6 Power Control

3.3.3.6.1 Power Connections

Power connections are shown in Figure 3-7 and in EID, Operational and Survival Power Interface Detail.

3.3.3.6.2 Instrument High-Voltage Restrictions (CS06)

Instrument high-voltage shall comply with the requirements of the FAME EMI/EMC Control Plan (NCST-D-
FM018).

3.3.3.6.3 Power Application

a. The spacecraft bus shall apply mutually exclusive power to either redundant instrument power bus.

b. The spacecraft bus shall apply power continuously to the thermostatically controlled survival heater power bus.

c. The spacecraft bus shall apply power to the FPA heater bus prior to instrument turn-on

3.3.4 Grounds, Returns, and References

3.3.4.1 Instrument Grounding

The instrument shall comply with the observatory grounding scheme shown in Figure 3-8 and EID, Instrument
Grounding Interface Detail.

3.3.4.2 Power Leads and Returns

Each instrument primary power service shall have a distinct and isolated return, connected to ground only in the S/C
Bus single point ground.

3.3.4.2.1 Connector Bonding

a. The instrument shall provide the capability to form a low impedance electrical path (a bond) between the power
conductor shield and the instrument chassis via the connector shell at the instrument primary power input.

b. Connector shells on the instrument shall be grounded to the chassis.

3.3.4.2.2 Primary Power Isolation

The primary power leads and returns shall be isolated from signal, signal return, and chassis ground by >1 MΩ when
measured at the instrument input.

3.3.4.2.3 Secondary Power Isolation

Secondary power shall be isolated from primary power by >1 MΩ.
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3.3.4.2.4 Secondary Power Returns

Secondary Power Returns shall be connected to the spacecraft bus ground via the spacecraft bus CT&DH system.

3.3.4.2.5 Isolated Secondary Referencing

a. If isolated secondary power is used within the instrument, the isolated returns shall not be left floating.

b. The returns may be connected to the spacecraft bus ground as in paragraph 3.3.4.2.4 or the isolated returns shall
be referenced to chassis ground through a resistive impedance whose value is selected by the instrument
provider.

3.3.4.3 Signal Returns

The instrument shall be designed such that the Secondary Power Returns and the signal returns for spacecraft bus
interface circuits are electrically the same point.

3.3.4.3.1 Signal Reference Connectivity

All instrument signal references for the spacecraft bus interface circuits shall be electrically connected within the
instrument.

3.3.4.3.2 Signal Reference Constraints

Neither signal nor chassis ground reference points shall be used as power conductors.

3.3.4.4 Chassis Ground

3.3.4.4.1 Instrument Ground Connection

The spacecraft bus shall provide a common electrically conductive ground connection to which the instrument
chassis shall be electrically connected.

3.3.4.4.2 Chassis Ground Current

The instruments shall not use chassis ground to conduct power and signal currents under normal conditions.

Only fault and leakage currents shall be conducted through chassis grounds.

3.3.4.4.3 External Ground Tie Point

The instrument shall identify an external chassis ground tie point to be used for external connections while the
instrument is being moved.

3.3.5 Harnesses

3.3.5.1 Harness Provider(s)

Responsibility for providing the electrical interface harnesses shall be as outlined in Table 3-6.

Table 3-6. Electrical Interface Harness Responsibilities

Harness Responsible Agency Part Number

Instrument Power Lockheed Martin TBD

STCA/Instrument 1553 Lockheed Martin TBD

Instrument Quad High Speed Serial Lockheed Martin TBD

STCA Power NRL TBD

UL/DL Antenna (Fore) NRL TBD

FAME Aperture Door Assembly NRL TBD
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3.3.5.2 Harness Mockup

NRL shall provide NRL with an instrument mockup for the purpose of harness routing.

3.3.5.3 Harness Hardware

The FAME instrument connector list is defined in Table 3-7. The location of the connector panel and ground strap is
shown in MID, FM-IC-0005.

3.3.5.4 Harness Routing and Tie Points

Harness routing and the locations of harness tie points is shown in MID, FM-IC-0005.

3.3.5.5 Harness Wiring

Details of harness configuration, cable type, etc. are defined in Figure 3-7 through Figure 3-8. Definition of
connectors for the instrument to spacecraft bus interface are provided in Table 3-7 through Table 3-15. Pin-to-pin
wiring assignments for each connector on the instrument interface are shown in the following tables.

Table 3-7. FAME S/C Bus to Instrument Interface Connector List

Interface Plate Connector # Of Con. Harness Connector Function

D38999/40FJ19SN000 1 D38999/46FJ19PN000 Instrument Power*

D38999/40FE26SN000 2 D38999/40FE26PN000 Auxiliary Power

D38999/40FJ35SN000 1 D38999/46FJ35PN000 Quad High Speed Serial

015128-5000 TRIAX 8 015028-2000 TRIAX 1553

* This will change when we find a filter connector for this function

Table 3-8. Instrument Power Connector Pin-Out

Signal Name Pin/Socket Number

+30V DPA Bus A1+ M

DPA Bus A1 RTN N

+30V DPA Bus A2+ A

DPA Bus A2 RTN P

+30V DPA Bus B1+ B

DPA Bus B1 RTN C

+30V DPA Bus B2+ D

DPA Bus B2 RTN E

+30V Focal Plane Heater R

Focal Plane Heater RTN S

+30 V Survival Heater V

Survival Heater RTN T

+30V APA A Bus + L

APA A Bus RTN U

+30V APA B Bus + G

APA B Bus RTN F

Spare K

Spare J

Spare H
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Table 3-9. Auxiliary Power Connector #1 Pin-Out

Signal Name Socket/Pin Number

FSCA STCA DOOR PRIM + A

FSCA STCA DOOR PRIM RTN B

FSCB STCA DOOR BU+ H

FSCB STCA DOOR BU RTN J

FSCA STCA DOOR RPI+ E

FSCA STCA DOOR RPI- F

FSCA INST DOOR 1 ACT + J

FSCA INST DOOR 1 ACT RTN K

FSCB INST DOOR 1 BUACT + J

FSCB INST DOOR 1 BUACT RTN K

FSCA INST DOOR 1 CIRINT + L

FSCA INST DOOR 1 CIRINT RTN M

FSCB INST DOOR 1 BUCIRINT + N

FSCB INST DOOR 1 BUCIRINT RTN P

FSCA INST DOOR 1 VSCE + W

FSCA INST DOOR 1 VSCE RTN X

FSCA INST DOOR 1 POS Y

FSCB INST DOOR 1 BUVSCE + Z

FSCB INST DOOR 1 BUVSCE RTN a

FSCB INST DOOR 1 BUPOS S

SPARE R

SPARE T

SPARE U

SPARE V

SPARE b

SPARE c

Table 3-10. Auxiliary Power Connector #2 Pin-Out

Signal Name Socket/Pin Number

FSCB STCB DOOR PRIM + A

FSCB STCB DOOR PRIM RTN B

FSCA STCB DOOR BU+ H

FSCA STCB DOOR BU RTN J

FSCB STCB DOOR RPI+ E

FSCB STCB DOOR RPI- F

FSCB INST DOOR 2 ACT + J

FSCB INST DOOR 2 ACT RTN K

FSCA INST DOOR 2 BUACT + J

FSCA INST DOOR 2 BUACT RTN K

FSCB INST DOOR 2 CIRINT + L

FSCB INST DOOR 2 CIRINT RTN M

FSCA INST DOOR 2 BUCIRINT + N

FSCA INST DOOR 2 BUCIRINT RTN P

FSCB INST DOOR 2 VSCE + W
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Signal Name Socket/Pin Number

FSCB INST DOOR 2 VSCE RTN X

FSCB INST DOOR 2 POS Y

FSCA INST DOOR 2 BUVSCE + Z

FSCA INST DOOR 2 BUVSCE RTN a

FSCA INST DOOR 2 BUPOS S

SPARE R

SPARE T

SPARE U

SPARE V

SPARE b

SPARE c

Table 3-11. Quad High Speed Serial Data Connector Pin Out

Signal Name Socket/Pin Number

FSCA Instrument A Data Request 1

FSCA Instrument A Data Request RTN 2

FSCA Instrument B Data Request 3

FSCA Instrument B Data Request RTN 4

FSCA Instrument A Enable 5

FSCA Instrument A Enable RTN 6

FSCA Instrument B Enable 7

FSCA Instrument B Enable RTN 8

FSCA Instrument A Clock 9

FSCA Instrument A Clock RTN 10

FSCA Instrument B Clock 11

FSCA Instrument B Clock 12

FSCA Instrument A Data 13

FSCA Instrument A Data RTN 14

FSCA Instrument B Data 15

FSCA Instrument B Data RTN 16

FSCB Instrument A Data Request 17

FSCB Instrument A Data Request RTN 18

FSCB Instrument B Data Request 19

FSCB Instrument B Data Request RTN 20

FSCB Instrument A Enable 21

FSCB Instrument A Enable RTN 22

FSCB Instrument B Enable 23

FSCB Instrument B Enable RTN 24

FSCB Instrument A Clock 25

FSCB Instrument A Clock RTN 26

FSCB Instrument B Clock 27

FSCB Instrument B Clock 28

FSCB Instrument A Data 29

FSCB Instrument A Data RTN 30
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Signal Name Socket/Pin Number

FSCB Instrument B Data 31

FSCB Instrument B Data RTN 32

Temperature 1 33

Temperature 1 RTN 34

Temperature 2 35

Temperature 2 RTN 36

Temperature 3 37

Temperature 3 RTN 38

Temperature 4 39

Temperature 4 RTN 40

Temperature 5 41

Temperature 5 RTN 42

Temperature 6 43

Temperature 6 RTN 44

Temperature 7 45

Temperature 7 RTN 46

Temperature 8 47

Temperature 8 RTN 48

Temperature 9 49

Temperature 9 RTN 50

Temperature 10 51

Temperature 10 RTN 52

Temperature 11 53

Temperature 11 RTN 54

Temperature 12 55

Temperature 12 RTN 56

Analog Tlm 1 57

Analog Tlm 1 RTN 58

Analog Tlm 2 59

Analog Tlm 2 RTN 60

Analog Tlm 3 61

Analog Tlm 3 RTN 62

Analog Tlm 4 63

Analog Tlm 4 RTN 64

FSCA Udm Clock Pulse 65

FSCA Udm Clock Pulse RTN 66

FSCB Udm Clock Pulse 67

FSCB Udm Clock Pulse RTN 68

Dif Cmd 1 69

Dif Cmd 1 RTN 70

Dif Cmd 2 71

Dif Cmd 2 RTN 72

Dif Cmd 3 73

Dir Cmd 3 RTN 74

Dif Cmd 4 75
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Signal Name Socket/Pin Number

Dif Cmd 4 RTN 76

Dif Cmd 5 77

Dif Cmd 5 RTN 78

Dif Cmd 6 79

Dif Cmd 6 RTN 80

Dif Cmd 7 81

Dif Cmd 7 RTN 82

Dif Cmd 8 83

Dif Cmd 8 RTN 84

Spare 85

Spare 86

Spare 87

Spare 88

Spare 89

Spare 90

Spare 91

Spare 92

Spare 93

Spare 94

Spare 95

Spare 96

Spare 97

Spare 98

Spare 99

Spare 100

Spare 101

Spare 102

Spare 103

Spare 104

Spare 105

Spare 106

Spare 107

Spare 108

Spare 109

Spare 110

Spare 111

Spare 112

Spare 113

Spare 114

Spare 115

Spare 116

Spare 117

Spare 118

Spare 119

Spare 120
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Signal Name Socket/Pin Number

Spare 121

Spare 122

Spare 123

Spare 124

Spare 125

Spare 126

Spare 127

Spare 128

Table 3-12. 1553 Connector Pin-Out

Signal Name Socket/Pin Number

1553 A+ 1

1553A- 2

1553 B+ 1

1553 B- 2

Table 3-13. FAME S/C Bus Harness to Instrument Aperture Doors

S/C Aperture Door Harness
Connector

Instrument Aperture Door
Connector

Function

TBD (NASA-GSFC-S-311-P-4 type) Door 1 Power
D38999/40FE26PN000

TBD (NASA-GSFC-S-311-P-4 type) Door 1 Signal

TBD (NASA-GSFC-S-311-P-4 type) Door 2 Power
D38999/40FE26PN000

TBD (NASA-GSFC-S-311-P-4 type) Door 2 Signal

Table 3-14. Door 1/Door 2 Power Connector Plug Pin-Out

Signal Name Pin No.

Actuator Power TBD

Actuator Return TBD

Redundant Actuator Power TBD

Redundant Actuator Return TBD

Circuit Interrupt 1 TBD

Circuit Interrupt 1 Return TBD

Circuit Interrupt 2 TBD

Circuit Interrupt 2 Return TBD

Spare TBD

Spare TBD

Spare TBD

Spare TBD

Spare TBD
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Table 3-15. Door 1/Door 2 Signal Connector Plug Pin-Out

Signal Name Pin No.

Voltage Source TBD

Voltage Return TBD

Pot Position TBD

Redundant Voltage Source TBD

Redundant Voltage Return TBD

Redundant Pot Position TBD

Spare TBD

Spare TBD

Spare TBD

Spare TBD

Spare TBD

3.3.5.6 Connectors

3.3.5.6.1 Connector Clearance

a. At least 50 mm of clearance shall be provided around the outside of circular mated connectors.

b. The mated connectors shall be accessible on the spacecraft bus without removal of adjacent instruments.

3.3.5.6.2 Keying

Connectors shall be different sizes, different types, or uniquely keyed to prevent improper connection.

3.3.5.6.3 Test Connectors

The test connector location and type shall be documented by the instrument provider.

3.3.5.6.4 Connector Protective Covers

a. Captive covers shall be provided by the instrument provider for all connectors that are not mated to harnesses or
flight plugs.

b. Instrument connector savers shall be used before observatory-level system tests.

c. Instrument connector savers shall be provided by the instrument provider.

3.3.6 CT&DH Requirements

Unless specified otherwise, the following requirements apply to all Command, Telemetry, and Data Handling
(CT&DH) electrical interfaces.

3.3.6.1 Interface Conductors

All signal interfaces shall use shielded conductors. Conductors may include, but are not limited to, twisted pair,
coaxial, twinaxial, and dual coaxial types.

3.3.6.2 Interface Circuitry Isolation

The instrument shall maintain electrical isolation of greater than 5k Ω between the primary and the redundant
interface circuitry within the instrument front end.

3.3.6.3 Interface Fault Tolerance

The instrument and spacecraft bus shall be tolerant of a single fault occurring in a signal interface circuit on either
side of the interface.
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3.3.6.4 Passive Analog Telemetry Electrical Interface

The instrument shall maintain electrical isolation of greater than 1 MΩ between the passive analog circuitry, which
includes the thermistor, and the circuitry in the FAME instrument.

3.4 CT&DH Interface Requirements

This section establishes the general and specific requirements for the command and data interfaces between the
Command, Telemetry and Data Handling (CT&DH) Subsystem and the FAME instrument. The instrument’s
command, telemetry, and data handling interface consists of a MIL-STD-1553B Data Bus, Time Synchronization
signals, Active Analog Telemetry, Passive Analog Telemetry, Discrete Low Level Commands and a Quad High
Speed Serial bus. All requirements specified in this section shall be met by the electrical interface defined in
paragraph 3.3. These interfaces are fully defined in NCST-ICD-FM004, FAME Instrument to Spacecraft Bus
Software Interface Control Document (ICD).

3.4.1 Passive Analog Telemetry

The spacecraft bus shall use passive analog telemetry channels to sample temperatures within the instrument.
Passive analog data shall be converted to a positive signed 12-bit digital true binary offset code. The spacecraft bus
to instrument Passive Analog interface is shown in Figure 3-11.

T1

User RIU Passive Analog�
Interface

Typical�
Thermistor�

Device To�
Redundant�

Side

Note: One Analog Return for Up  to Eight�
          Channels - All Returns Common

To Analog�
Processor�

(-)

To Analog�
Processor�

(+)

From Current�
Source

Analog�
Source/�
Sense

Analog�
Data�

Return

Filter Pin

Pssv_Anlg_Intrfc.eps

Figure 3-11. Spacecraft Bus to Instrument Passive Analog Interface Diagram

3.4.1.1 Health and Safety Monitoring of Passive Analog Telemetry

The spacecraft bus shall monitor passive analog telemetry signals as specified for health and safety of the
instrument.

3.4.1.2 Number of Passive Analog Telemetry Channels

Table 3-16 identifies the location of each passive analog telemetry channel for the instrument.
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Table 3-16. Passive Analog Telemetry

# Thermistor Type
Telemetry Description /

Location
Upper/Lower Limit

(˚C)
Sampling Rate

(Hz)

1 Fenwal 534-31AG04-562 Instrument Assy Temp, TBD -30 / +70 TBD

2 Fenwal 534-31AG04-562 Instrument Assy Temp, TBD -30 / +70 TBD

3 Fenwal 534-31AG04-562 Instrument Assy Temp, TBD -30 / +70 TBD

4 Fenwal 534-31AG04-562 Instrument Assy Temp, TBD -30 / +70 TBD

5 Fenwal 534-31AG04-562 Instrument Assy Temp, TBD -30 / +70 TBD

6 Fenwal 534-31AG04-562 Instrument Assy Temp, TBD -30 / +70 TBD

7 Fenwal 534-31AG04-562 Instrument Assy Temp, TBD -30 / +70 TBD

8 Fenwal 534-31AG04-562 Instrument Assy Temp, TBD -30 / +70 TBD

9 Fenwal 534-31AG04-562 Instrument Assy Temp, TBD -30 / +70 TBD

10 Fenwal 534-31AG04-562 Instrument Assy Temp, TBD -30 / +70 TBD

11 Fenwal 534-31AG04-562 Instrument Assy Temp, TBD -30 / +70 TBD

12 Fenwal 534-31AG04-562 Instrument Assy Temp, TBD -30 / +70 TBD

3.4.1.3 Passive Analog Telemetry Signal Characteristics

The electrical characteristics of the passive analog telemetry interfaces with respect to signal return shall be as
defined in Table 3-17, Table 3-18, and Table 3-19.

Table 3-17. Passive Analog Telemetry Specification

Tolerance Units Passive Analog

1 Signal Type Resistance Input

2 Resolution Bits 11

3 Current Pulse(s) Nominal µAmp 500

4 Input Resistance - Sampling Minimum M Ohm 10

5 Input Resistance - Non-Sampling or Power Off Minimum M Ohm 50

6 Input Capacitance Line to Chassis Maximum pFarad 2000

7
Input Leakage Current - Non-Sampling or Power Off
@ Inputs of 0 to +10 Volts

Maximum nAmp ±200

8
Overvoltage Limit - No Damage, Maximum Channel
Leakage ±20 mAmps when Voltage applied to High
Side Input

Maximum Volt ±25

9 Sample Time - Current Pulse On Minimum µSec 195

10 Input Resistance Ranges Maximum Ohms Table 3-18

11 Source Resistance Range Maximum Ohms Table 3-19

12 Source Capacitance Maximum pFarad Table 3-19

13 Repetition Period for Consecutive Acquisitions Minimum µSec 330
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Table 3-18. Passive Analog Input Ranges

Digitized Signed 12-Bit CodeChannel Input Full
Scale Range

Quantization (LSB
Value) MSB LSB

1 0 0 0 0 0 0 0

to
0 Ohms to 2.56k
Ohms - 1 LSB

1.25 Ohms

1 1 1 1 1 1 1 1

1 0 0 0 0 0 0 0

to
0 Ohms to 5.12 Ohms

- 1 LSB
2.50 Ohms

1 1 1 1 1 1 1 1

1 0 0 0 0 0 0 0

to
0 Ohms to 10.24

Ohms - 1 LSB
5.00 Ohms

1 1 1 1 1 1 1 1

NOTE: If input resistance exceeds full scale positive value, output code shall contain all logic ones.

Table 3-19. Passive Analog Data Accuracy (Error as a Percentage of Full Scale)

Range
Source

Resistance, Rs

Cs=1000 pF

Cp=1000 pF

Cs=2000 pF

Cp=1000 pF

Cs=3000 pF

Cp=1000 pF

Cs=4000 pF

Cp=1000 pF

Cs=12000 pF

Cp=1000 pF

512 ohms +0.47, -0.43 +0.47, -0.43 +0.47, -0.43 +0.47, +0.43 +0.47, -0.50

2.048k ohms +0.47, -0.43 +0.47, +0.43 +0.47, -0.43 +0.47, -0.43 +0.47, -0.602.56k

2.560k ohms +0.47, -0.43 +0.47, -0.43 +0.47, -0.43 +0.47, -0.43 +0.47, -0.70

1.024k ohms +0.45, -0.43 +0.45, -0.43 +0.45, -0.43 +0.45, -0.43 +0.45, -0.50

4.096k ohms +0.45, -0.43 +0.45, -0.43 +0.45, -0.43 +0.45, -0.46 +0.45, -2.705.12k

5.120k ohms +0.45, -0.43 +0.45, -0.43 +0.45, -0.47 +0.45, -0.59 +0.45, -5.30

2.048k ohms +0.44, -0.43 +0.44, -0.43 +0.44, -0.43 +0.44, -0.43 +0.44, -0.60

8.192k ohms +0.44, -0.43 +0.44, -0.53 +0.44, -0.95 +0.44, -1.86 +0.44, -16.010.24k

10.240k ohms +0.44, -0.47 +0.44, -0.90 +0.44, -2.20 +0.44, -4.42 +0.44, -23.0

NOTES:

(1) Table values do not include the quantization error of one-half the least significant bit (LSB).

(2) The total error listed in the Table includes the static as well as the dynamic errors associated with the passive
channels.

(3) The dynamic errors include the effects of a 1000 pF maximum internal filter-pin capacitance within the RIU.

(4) The statistic errors include the effects of a 1.0 ohm maximum total line resistance between the RIU and the
passive source.

(5) Table accuracies do not include variation of the passive source resistance (Rs). The tolerance of the passive
source stimulators during test (0.1% or better) must be included as part of formal acceptance levels.

(6) Cs = Source Capacitance (user load + cabling), Cp = Pin Feedthrough Capacitance, UNB = Unbalanced

3.4.2 Active Analog Telemetry

The spacecraft bus shall use active analog telemetry channels to sample voltages within the instrument. Active
analog data shall be converted to a positive signed 12-bit digital true binary offset code. The spacecraft bus to
instrument Active Analog interface is shown in Figure 3-12.
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Figure 3-12. Spacecraft Bus to Instrument Active Analog Interface Diagram

Table 3-20 identifies the location of each passive analog telemetry channel for the instrument.

Table 3-20. Active Analog Telemetry

# Name Telemetry Description / Location Range Sampling Rate (Hz)

1 Inst A, +5V Mon TBD

2 Inst A, TBD Mon

3 Inst B, +5V Mon

4 Inst B, TBD Mon

3.4.2.1 Active Analog Telemetry Signal Characteristics

The electrical characteristics of the active analog telemetry interfaces with respect to signal return shall be as defined
in Table 3-21, Table 3-22, and Table 3-23.
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Table 3-21. Active Analog Telemetry Specification

Tolerance Units
Active Analog

Differential

1 Signal Type

2 Resolution Bits 12

3 Input Resistance - Sampling Minimum M Ohm 10

4 Input Resistance - Non-Sampling or Power Off Minimum M Ohm 50

5 Input Capacitance Line to Chassis Maximum pFarad 2000

6
Input Leakage Current - Sampling, Non-Sampling or Power
Off @ Inputs of -5.12 to +10.24 volts

Maximum nAmp ±200

7
Overvoltage Limit - No Damage, Maximum Channel Input
Leakage ±20 mAmps

Maximum Volts ±25

8 Sample Time Minimum µSec 195

9 Input Voltage Range Maximum Volts Table 3-22

10 User Source Resistance Maximum Ohms Table 3-23

11 User Source Capacitance Maximum pFarad Table 3-23

12 Repetition Period for Consecutive Acquisitions Minimum µSec 330

Table 3-22. Active Analog Conversion Code

Digitized 12-Bit Code (True Binary Offset)Channel Input Full
Scale Range

Quantization
(LSB Value)

MSB LSB

0 0 0 0 0 0 0 0

to
-1.28 Volts to +1.28

Volts - 1 LSB
625 µVolts

1 1 1 1 1 1 1 1

0 0 0 0 0 0 0 0

to
-2.56 Volts to +2.56

Volts - 1 LSB
1.25 mVolts

1 1 1 1 1 1 1 1

0 0 0 0 0 0 0 0

to
-5.12 Volts to +5.12

Volts - 1 LSB
2.50 mVolts

1 1 1 1 1 1 1 1

0 0 0 0 0 0 0 0

to
-10.24 Volts to +10.24

Volts - 1 LSB
5.00 mVolts

1 1 1 1 1 1 1 1

NOTE: If the input voltage exceeds full-scale positive value, the output code shall contain all logic ones. If the input
voltage exceeds full-scale negative value, the output shall contain all logic zeros, except for full-scale ranges
between -5.12 volts and +10.24 volts when input voltages less than -5.12 volts may cause anomalous output codes.
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Table 3-23. Active Analog Data Accuracy (Error As a Percentage of Full Scale)

Gain

Cs=0 Cp=1000 pF

Gain

Cs=2000 pF Cp=1000 pF

Gain

Cs=3000 pF Cp=1000 pF
Source

Resistance
(RS)

1 2 4 8 1 2 4 8 1 2 4 8

1k Ohm ±0.1 ±0.1 ±0.1 ±0.1 ±0.1 ±0.1 ±0.1 ±0.1 ±0.1* ±0.1* ±0.1* ±0.1*

5k Ohm

(1k UNB) ±0.1 ±0.1 ±0.125 ±0.15 ±0.1 ±0.1 ±0.125 ±0.15 ±0.1 ±0.125 ±0.15 ±0.175

(5k UNB) ±0.1 ±0.125 ±0.175 ±0.25 ±0.1 ±0.15 ±0.2 ±0.3 ±0.125 ±0.175
±0.22

5
±0.325

10 Ohm

(1k UNB) ±0.1 ±0.1 ±0.15 ±0.2 ±0.15 ±0.15 ±0.2 ±0.25 ±0.175 ±0.2 ±0.225 ±0.275

(10k UNB) ±0.125 ±0.175 ±0.25 ±0.4 ±0.15 ±0.2 ±0.30 ±0.45 ±0.175* ±0.2* ±0.3* ±0.5*

Gain

Cs=4000 pF Cp=1000 pF

Gain

Cs=12,000 pF Cp=1,000 pF
Source

Resistance
(RS)

1 2 4 8 1 2 4 8

1k Ohm ±0.1 ±0.1 ±0.1 ±0.1 ±0.26 ±0.26 ±0.27 ±0.3

5k Ohm

(1k UNB) ±0.125 ±0.15 ±0.175 ±0.2 ±0.3 ±0.3 ±0.27 ±0.32

(5k UNB) ±0.15 ±0.2 ±0.25 ±0.35 ±0.3 ±0.4 ±0.5 ±0.9

10 Ohm

(1k UNB) ±0.2 ±0.225 ±0.25 ±0.30 ±0.4 ±0.5 ±1.2 ±1.2

(10k UNB) ±0.2 ±0.25 ±0.4 ±0.6 ±0.8 ±1.2 ±2.2 ±3.2

Notes:

(1) Table values do not include the quantization error of ± one-half the least-significant bit (LSB).

(2) Accuracy includes the effects of any internal processing such as multiplexing, sampling and holding, and digitizing
all over the specified environment, temperature range, end-of-life and tolerance. It does not include the error
contribution of common mode voltage.

(3) Common mode rejection shall be better than 60 dB at a gain of 1 for a source unbalance of 1,000 ohms over a
common mode voltage of -5 volts to +11 volts at a differential voltage of zero.

(4) The dynamic errors include the effect of a 1000 pF internal filter-pin capacitance (Cp) within the RIU.

(5) Values noted with asterisks (*) shall be used for acceptance & qualification tests.

(6) Cs = source capacitance (user load + cabling), Cp = pin feedthrough capacitance, UNB = unbalanced

3.4.3 MIL-STD-1553B Bus

The MIL-STD-1553B data bus will be used for exchange of command and telemetry data between the instrument
and the spacecraft bus. The spacecraft bus to instrument 1553 interface is shown in Figure 3-13.
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Figure 3-13. S/C Bus to Instrument 1553 Interface
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3.4.4 Quad High Speed Serial (QHSS) Mission Data Bus

The QHSS will be used to transmit packetized science data to the spacecraft bus for downlink to the ground. The
spacecraft bus to instrument Quad high speed serial interface is shown in Figure 3-14.
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Figure 3-14. Spacecraft Bus to Instrument QHSS Interface Diagram

3.4.5 Time Synchronization Signals

The Time Synchronization signals will be used to synchronize on-board time keeping functions in both spacecraft
bus and instrument circuitry. The spacecraft bus to instrument Time Synchronization interface is shown in Figure
3-15.
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Figure 3-15. Spacecraft Bus to Instrument Time Synchronization Interface Diagram

3.4.6 Discrete Low Level Commands

The CT&DH subsystem shall provide two (2) redundant low level commands to the instrument. The electrical
interface shall be differential and active low with a guaranteed duration of 192 µsec.

3.4.7 Digital Data Convention

Refer to NCST-ICD-FM004, FAME Instrument to Spacecraft Bus Software ICD.

3.4.8 Command, Telemetry, and Timing Requirements

Refer to NCST-ICD-FM004, FAME Instrument to Spacecraft Bus Software ICD.
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4.0 CONTAMINATION CONTROL

4.1 Contamination Control Requirements

Contamination control during Observatory integration and test shall be implemented per the FAME Observatory
Contamination Control Plan (NCST-D-FM007) and the applicable sections of the FAME Instrument Contamination
Control Plan (P546614). Requirements are stated according to MIL-STD-1246B definitions.

4.1.1 Instrument Cleanliness Requirements

Table 4-1 lists the cleanliness requirements for all instrument surfaces that are exposed during Observatory I&T and
launch site processing as defined in the FAME Instrument Contamination Control Plan. The instrument provider
shall verify the cleanliness of instrument exterior surfaces to NASA JSC SN-C-0005 VCII/UV before shipment to
NRL for integration with the spacecraft bus.

Table 4-1. Cleanliness Requirements for Instrument Surfaces

Prior to Shipment to S/C
Integration Facility

Pre-Launch (at Encapsulation)
Verified at

particle molecular particle molecular

Instrument Surface

FADA External Surfaces

4.1.2 Spacecraft Cleanliness Requirements

Table 4-2 lists the cleanliness requirements for the spacecraft surfaces that are exposed during spacecraft integration
and test. The NRL shall verify the cleanliness of exterior surfaces to NASA JSC SN-C-0005 VCII/UV before
integration with the instrument at NRL.

Table 4-2. Cleanliness Requirements for Spacecraft Surfaces

Prior to Integration at NRL
Facility

Pre-Launch (at Encapsulation)Verified at

particle molecular particle molecular

Instrument Interface Surface

Other External Surfaces

4.1.2.1 Spacecraft Outgassing

The spacecraft bus shall have an outgassing rate of less than 3 x 1011 g/cm2/sec at a bakeout temperature of +40˚C,
as measured by a temperature controlled quartz crystal microbalance whose temperature is maintained at -20˚C
(TBR).

4.2 FAME Observatory Venting

Information concerning the number, location, size and vent path of instrument and electronics boxes vents is shown
in Figure 4-1 for reference only. The details of the venting design are provided in MID FM-IC-0005.

FIGURE TBS

Figure 4-1. FAME Venting Diagram
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4.3 Protective Covers

Sensitive surfaces of the FAME instrument require protective covers during observatory I&T, shipment, launch site
processing, launch and/or on-orbit. The instrument provider shall supply these covers and specify procedures for
their use. Table 4-3 defines the specific instrument surfaces that must be covered, the times these surfaces must be
covered, and what types of covers shall be used. All of the covers and doors shall remain closed at all times during
I&T except as approved by LM. Bags and packaging material shall be ESD and cleanroom approved, as applicable.

Packaging/cover materials to be used for launch site activities shall have passed the tests for Electrostatic Discharge
(ESD), Flammability and Hypergolic Ignition (for hydrazine only) listed in Appendix I (GP-1098H) of MTB-402-85
“Physical and Chemical Test Results of Plastic Films”, Plastic Film and Adhesive Tape Listings and the tests for
Outgassing per JSC-SP-R-0022, Vacuum Stability Requirements of Polymeric Material for Spacecraft Application.
Packaging/cover materials to be used during Integration and Test shall have passed these tests with the exception of
Hypergolic Ignition. The instrument shall be delivered to the NRL in double bag covers.

Table 4-3. FAME Use of Protective Covers

Instrument Surface
Description

Time of Use Type of Cover/Protection

Aperture Latches Throughout Protective Covers

Radiator Surfaces Observatory I&T, Prelaunch Protective Cover

Entire Instrument Observatory Integration and
Prelaunch

Bagged with cleanroom/propellant/ESD compatible
plastic and backfilled

Interface Alignment Cube Observatory Integration,
Prelaunch and Launch

Protective cover

4.4 Instrument Purge Requirements

An instrument gas purge shall be maintained from instrument integration and test with the spacecraft bus,
transportation of the observatory and through launch preparation. When the purge must be turned off to
accommodate system level testing, log book entries will identify the duration and environmental conditions during
the off period. The purge gas will be reapplied to the instrument according to the LM defined procedure. [TBR]

4.4.1 Nitrogen Purge

Purge gas shall be nitrogen per MIL-P-27401C, Grade B, Type I, less than 1.0 PPM total hydrocarbons and less than
5.0 PPM moisture.

4.4.2 Nitrogen Purge Flow Rate

The nitrogen purge flow rate shall be TBD.

4.5 Instrument Inspection and Cleaning During I&T

The specifics of the inspection and cleaning procedures and materials to be used will be documented in the FAME
Observatory Contamination Control Plan (NCST-D-FM007).

4.6 Particulate and Molecular Cleanliness

The instrument shall be designed such that it can be bagged and operated with aperture doors closed in a Class
10,000 or better cleanroom environment (per FED-STD-209D) for extended periods of time.

4.6.1 Observatory Integration and Test

To minimize particulate contamination during observatory integration and testing, the Observatory shall be
maintained in a clean environment equivalent to a Class 10,000 or better whenever practical. There will be times
when it will not be possible to keep the Observatory in a Class 10,000 environment.
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4.6.2 Observatory Integration and Test Facility Temperature and Humidity

The FAME observatory integration facility temperature shall be maintained at 21 ±5˚C (60 to 79˚F) and the relative
humidity at less than 75% .

4.7 GSE Cleanliness Requirements

All GSE and tools used near the instrument or observatory shall be visibly clean NASA JSC SN-C-0005 VCII/UV
prior to use.
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5.0 INTEGRATION

This section documents the interfaces required to mechanically and electrically integrate the instrument with the
spacecraft bus during integration, test, and launch operations.

5.1 Instrument Mechanical Ground Support Equipment

Instrument Mechanical Ground Support Equipment (IMGSE) is defined as the mechanical ground support
equipment supplied by FAME instrument provider and required for integration, test and launch operations activities.
The IMGSE is listed in Table 5-1 and further described in the referenced paragraphs.

Table 5-1. Instrument Mechanical GSE List

Item Item Name
Drawing
Number

Where Used
Reference
Paragraph

5.1.1 Instrument Mass Simulator

NRL shall provide an instrument mass simulator based on the results of finite element model (FEM) analysis that
the instrument provider shall supply.

5.1.2 Instrument Flexure Mounts

LM shall furnish flight quality instrument flexure mounts for use with the instrument mass simulator.

5.1.3 Star Tracker and Omni Antenna Assembly Mass Simulator

NRL shall provide LM a mass simulator of the star tracker and omni antenna assembly for instrument system level
testing.

5.1.4 Instrument Shipping/Storage Container

LM shall provide or arrange for the use of a container to ship the instrument to NRL. Details of the instrument
shipping container are shown on the MID, FM-IC-0005. This shipping/storage container base will serve as the
instrument handling dolly.

5.1.5 Instrument Non-Flight Equipment

All non-flight instrument equipment to be removed prior to flight shall be tagged with a conspicuous RED tag. The
FAME non-flight equipment list shall be provided with the Acceptance Data package.

5.1.6 Instrument Flight Equipment Installation and Removal

Any special equipment that needs to be installed before flight shall be covered by controlled drawing (e.g., flight
connector dust cover, harness tie downs).

5.1.7 Observatory Integration and Test Temperature Range

The temperature range over which the instrument may be operated during observatory integration and test in a
convective environment is TBD.
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5.2 Drill Template

5.2.1 Instrument Interface

LM will provide an instrument drill template per LMMS drawing 5874312.

5.2.2 Star Tracker/Antenna Assembly Interface

NRL will provide a star tracker/antenna assembly drill template per NRL drawing FM-TF-XXX.
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6.0 INTERFACE VERIFICATION

6.1 General

This section describes the analyses, tests, and inspections required to ensure compliance with the requirements of
this ICD. The analyses, tests, and inspections specified in Table 6-1 will be conducted to verify that all requirements
specified in this ICD have been achieved.

6.2 Responsibility for Tests

Each requirement in this ICD will be verified by the instrument or spacecraft bus provider as specified in the
“Responsibility” column in Table 6-1. The instrument provider is responsible for all verifications listed at the
“Instrument” level. The spacecraft bus provider is responsible for all verifications listed at the “S/C Bus” level.
Verifications listed at the “Observatory” level shall be accomplished as defined in the “Responsible” column.
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Table 6-1. Verification Matrix
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3.0 INTERFACE
REQUIREMENTS

3.1 Mechanical Systems

3.1.1 Observatory Coordinate
System

3.1.1.1 Orientation of Axis

3.1.1.2 Origin of Coordinate System

a.

b.

3.1.2 Instrument Envelope

3.1.3 Fields of View

3.1.3.1 Instrument Fields of View
Allocation

3.1.3.2 Star Tracker and Antenna
Assembly Fields of View
Allocation

3.1.4 Mass Properties

3.1.4.1 FAME Instrument Mass
Allocation

3.1.4.2 Instrument Longitudinal
Center of Mass
Requirements

3.1.4.3 Instrument Lateral Center of
Mass Requirements

3.1.4.4 Moments and Products of
Inertia

3.1.4.5 Mass Budget and Mass
Reporting

3.1.5 Mounting

3.1.5.1 Instrument to Spacecraft
Bus Mounting

3.1.5.1.1 Location and Orientation

3.1.5.1.2 Instrument to S/C Bus
Mounting Hardware

3.1.5.1.2.1 Bipod Flexure Mounts

3.1.5.1.2.2 Bipod to Spacecraft Bus
Mounting Fasteners

3.1.5.2 Star Tracker and Antenna
Assembly Mounting
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3.1.5.2.1 Star Tracker and Antenna
Assembly Location and
Orientation

3.1.5.2.2 Star Tracker/Antenna Bolted
Interface

3.1.5.2.2.1 Star Tracker/Antenna Bolted
Interface Hardware

3.1.5.2.2.2 Star Tracker/Antenna Bolted
Interface Hardware Provider

3.1.6 Alignment

3.1.6.1 Instrument to Spacecraft
Alignment Accuracy for X
and Y Axes

3.1.6.2 Instrument to Spacecraft
Alignment Accuracy for Z
Axis

3.1.6.3 Star Tracker to Instrument
Alignment Knowledge

3.1.6.4 Instrument Alignment Cube
Location and Orientation

3.1.6.5 Star Tracker Alignment
Cube Location and
Orientation

3.1.6.6 Alignment Parameters

3.1.6.6.1 Alignment Datums

3.1.6.7 Alignment Responsibilities

a.

b.

3.1.7 Structural Design
Requirements

3.1.7.1 Instrument Fixed-Base
Frequencies

3.1.7.2 Interface Limit Loads
Requirements

3.1.7.3 Factors of Safety

3.1.8 Access Provisions

3.1.8.1 Access to Instrument

3.1.8.2 Access to Spacecraft
Hardware Mounted on the
Instrument

3.2 Operational Thermal
Interface Requirements

3.2.1 Thermal Interface
Description



NCST-ICD-FM001

6-4

Requirement Verification Method
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3.2.2 Thermal Interface Between
Instrument and Spacecraft

3.2.3 Conduction Between
Instrument and Spacecraft
Bus at Mounting Interface

3.2.3.1 Temperature of Spacecraft
Bus at S/C Bus to
Instrument Mounting
Interface

3.2.3.2 Temperature of Instrument
at S/C Bus to Instrument
Mounting Interface

3.2.3.3 Thermal Conductance of
S/C Bus to Instrument
Mounting Interface

3.2.4 Thermal Interface Between
Instrument and Star
Tracker/Antenna Assembly

3.2.4.1 Temperature of Star
Tracker/Antenna Assembly
at Star Tracker/Antenna to
Instrument Mounting
Interface

3.2.4.2 Temperature of Instrument
at Star Tracker/Antenna to
Instrument Mounting
Interface

3.2.4.3 Thermal Conductance of
Star Tracker/Antenna to
Instrument Mounting
Interface

3.2.4.4 Radiation Between
Instrument and Star
Tracker/Antenna Assembly

3.2.5 Temperature Monitoring

3.2.6 Thermal Control Interface
Hardware

3.2.6.1 Multilayer Insulation
Requirements

3.3 Electrical Interface
Requirements

3.3.1 Electrical Interfaces

a.

b.

c.

d.
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3.3.2 Electrical Interface
Definitions

3.3.2.1 Power Interface

3.3.2.2 Power Switching

3.3.3 Power Specifications

3.3.3.1 Instrument Power Harness

3.3.3.2 Average and Peak Power
Consumption Definition

3.3.3.3 Instrument Power Allocation

3.3.3.4 Worst Case Peak Power
Profiles

3.3.3.5 Power Characteristics

3.3.3.5.1 Voltage

3.3.3.5.1.1 Primary Instrument Voltage

3.3.3.5.1.2 Power Bus Source
Impedance

3.3.3.5.1.3 Unannounced Removal of
Power

3.3.3.5.1.4 Input Ripple

3.3.3.5.1.5 Abnormal Operation Steady-
State Voltage Limits

3.3.3.5.2 Current

3.3.3.5.2.1 Instrument Turn-on
Transients

3.3.3.5.2.2 Instrument Turn-off
Transients

a.

b.

c.

3.3.3.5.2.3 Back EMF

3.3.3.5.2.4 Overcurrent Protection

3.3.3.6 Power Control

3.3.3.6.1 Power Connections

3.3.3.6.2 Instrument High-Voltage
Restrictions (CS06)

3.3.3.6.3 Power Application

a.

b.

c.

3.3.4 Grounds, Returns, and
References
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Requirement Verification Method
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3.3.4.1 Instrument Grounding

3.3.4.2 Power Leads and Returns

3.3.4.2.1 Connector Bonding

a.

b.

3.3.4.2.2 Primary Power Isolation

3.3.4.2.3 Secondary Power Isolation

3.3.4.2.4 Secondary Power Returns

3.3.4.2.5 Isolated Secondary
Referencing

a.

b.

3.3.4.3 Signal Returns

3.3.4.3.1 Signal Reference
Connectivity

3.3.4.3.2 Signal Reference
Constraints

3.3.4.4 Chassis Ground

3.3.4.4.1 Instrument Ground
Connection

3.3.4.4.2 Chassis Ground Current

3.3.4.4.3 External Ground Tie Point

3.3.5 Harnesses

3.3.5.1 Harness Provider(s)

3.3.5.2 Harness Mockup

3.3.5.3 Harness Hardware

3.3.5.4 Harness Routing and Tie
Points

3.3.5.5 Harness Wiring

3.3.5.6 Connectors

3.3.5.6.1 Connector Clearance

a.

b.

3.3.5.6.2 Keying

3.3.5.6.3 Test Connectors

3.3.5.6.4 Connector Protective Covers

a.

b.

c.

3.3.6 CT&DH Requirements
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3.3.6.1 Interface Conductors

3.3.6.2 Interface Circuitry Isolation

3.3.6.3 Interface Fault Tolerance

3.3.6.4 Passive Analog Telemetry
Electrical Interface

3.4 CT&DH Interface
Requirements

3.4.1 Passive Analog Telemetry

3.4.1.1 Health and Safety
Monitoring of Passive
Analog Telemetry

3.4.1.2 Number of Passive Analog
Telemetry Channels

3.4.1.3 Passive Analog Telemetry
Signal Characteristics

3.4.2 Active Analog Telemetry

3.4.2.1 Active Analog Telemetry
Signal Characteristics

3.4.3 MIL-STD-1553B Bus

3.4.4 Quad High Speed Serial
(QHSS) Mission Data Bus

3.4.5 Time Synchronization
Signals

3.4.6 Discrete Low Level
Commands

3.4.7 Digital Data Convention

3.4.8 Command, Telemetry, and
Timing Requirements

4.0 CONTAMINATION
CONTROL

4.1 Contamination Control
Requirements

4.1.1 Instrument Cleanliness
Requirements

4.1.2 Spacecraft Cleanliness
Requirements

4.1.2.1 Spacecraft Outgassing

4.2 FAME Observatory Venting

4.3 Protective Covers

4.4 Instrument Purge
Requirements

4.4.1 Nitrogen Purge

4.4.2 Nitrogen Purge Flow Rate
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4.5 Instrument Inspection and
Cleaning During I&T

4.6 Particulate and Molecular
Cleanliness

4.6.1 Observatory Integration and
Test

4.6.2 Observatory Integration and
Test Facility Temperature
and Humidity

4.7 GSE Cleanliness
Requirements

5.0 INTEGRATION

5.1 Instrument Mechanical
Ground Support Equipment

5.1.1 Instrument Mass Simulator

5.1.2 Instrument Flexure Mounts

5.1.3 Star Tracker and Omni
Antenna Assembly Mass
Simulator

5.1.4 Instrument Shipping/Storage
Container

5.1.5 Instrument Non-Flight
Equipment

5.1.6 Instrument Flight Equipment
Installation and Removal

5.1.7 Observatory Integration and
Test Temperature Range

5.2 Drill Template

5.2.1 Instrument Interface

5.2.2 Star Tracker/Antenna
Assembly Interface
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7.0 NOTES

7.1 Mechanical Interface Drawing Contents

Sheet Content Provided By

1 Instrument Static Envelope NRL

2 Instrument Fields of View LM

3 Star Tracker and Antenna Assembly Fields of View NRL

4 Instrument to spacecraft bus mounting NRL/LM

5 Star Tracker and Antenna Assembly Location and Orientation NRL

6 Location of Instrument and Star Tracker Alignment Cubes LM & NRL

7 Access to LM protective covers and interfaces LM

8 Access to NRL protective covers and interfaces NRL

9 Location of spacecraft monitored instrument temperature sensors LM

10 Location of temperature sensors for spacecraft monitored passive
analog telemetry. (Includes location of interface panel.)

LM

11 Thermal Control Interface Hardware (MLI)

12 Observatory Venting and Outgassing Source Identification NRL

7.2 Electrical Interface Drawing Contents

Sheet Content Provided By

1 Electrical Wiring Diagram NRL

2 Operational and Survival Power Interface Detail NRL

3 Grounding Interface Detail LM

7.3 Acronyms

APA Analog Processor Assembly

BOL Beginning of Life

CDR Critical Design Review

CM Center of Mass

CT&DH Command, Telemetry, and Data Handling

DPA Digital Processor Assembly

EID Electrical Interface Drawing

EMC Electromagnetic Compatibility

EMI Electromagnetic Interference

EOL End of Life

ERN Effective Radiator Node

ESD Electrostatic Discharge

FADA FAME Aperture Door Assembly

FAME Full-sky Astrometric Mapping Explorer

FEM Finite Element Model

FPA Focal Plane Array
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FSC FAME Spacecraft Controller

GEO Geosynchronous Earth Orbit

GTO Geosynchronous Transfer Orbit

I&T Integration and Test

IAC Instrument Alignment Cube

ICD Interface Control Document

IGMSE Instrument Mechanical Ground Support Equipment

IRD Instrument Requirements Document

LM Lockheed Martin

LSB Least Significant Bit

MID Mechanical Interface Drawing

MLI Multi-Layer Insulation

MRD Mission Requirements Document

MSB Most Significant Bit

NCST Naval Center for Space Technology

NRL Naval Research Laboratory

PCDE Power Control and Distribution Electronics

PDR Preliminary Design Review

PIAC Primary Instrument Alignment Cube

QHSS Quad High Speed Serial

RIU Remote Interface Unit

S/C Spacecraft

STA Star Tracker Assembly

STCA Star Tracker Camera Assembly

STC Star Tracker Camera

TBD To Be Determined

TBR To Be Resolved

UL/DL Uplink/Downlink
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7.4 Open Items List

Paragraph Open Item Provider Date Required

3.1.4.4 Moments and Products of Inertia LM concur Inst. PDR

3.1.6.2 Instrument to Spacecraft Alignment Accuracy for Z Axis

3.2.4.3 Thermal Conductance of Star Tracker/Antenna to Instrument
Mounting Interface

LM & NRL Inst. PDR

4.1.2.1 Spacecraft Outgassing

4.4 Instrument Purge Requirements LM & NRL PDR

4.4.2 Nitrogen Purge Flow Rate

5.1.7 Observatory Integration and Test Temperature Range

Figure 3-7 Operational and Survival Power Interface

Table 3-2 Thermal Interface Between Instrument and Sunshield

Table 3-3 Thermal Interface Requirements Between Instrument and Star
Tracker/Antenna Assembly

Table 3-4 Instrument Power Allocation (TBR)

Table 3-5 Overcurrent Protection Device

Table 3-6 Electrical Interface Harness Responsibilities

Table 3-12 1553 Connector Pin-Out

Table 3-13 FAME S/C Bus Harness to Instrument Aperture Doors

Table 3-14 Door 1/Door 2 Power Connector Plug Pin-Out

Table 3-15 Door 1/Door 2 Signal Connector Plug Pin-Out

Table 3-16 Passive Analog Telemetry

Table 3-20 Active Analog Telemetry

Table 4-1 Cleanliness Requirements for Instrument Surfaces

Table 4-2 Cleanliness Requirements for Spacecraft Surfaces

Table 5-1 Instrument Mechanical GSE List

Table 6-1 Verification Matrix


