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1.0 scope

This FAME Interface Requirements Description (IRD) defines the interfaces between the FAME spacecraft and the Delta II 2425-10 Launch Vehicle (LV) including:

a. Flight design requirements;

b. Physical interfaces;

c. Functional interfaces;

d. Environmental interfaces;

e. Ground processing and support equipment requirements; and

f. Facility requirements and interfaces.

This document is intended to form the basis and traceability of requirements for the Interface Control Documents (ICDs) to be prepared by Boeing. This IRD identifies and defines the physical, functional, and environmental interfaces and performance requirements of the FAME Program.

1.1 Program Overview.

The FAME mission will provide positions, proper motions, parallaxes, and photometry of 40 million stars, including nearly all stars between 5th and 15th visual magnitude (V).  The astrometric accuracies will be no worse than 50 microarcseconds (µas) at V=5 to 9 mag and 500 mas at V=15 mag. Stars will also be observed with the Sloan Digital Sky Survey (SDSS) g’, r’, i’, and z’ passbands for photometric magnitudes with millimagnitude (mmag) accuracies. To cover the entire sky the mission uses a scanning survey instrument, with a mission life of 2½ years and an extended mission to 5 years.

1.2 Interface Change Control.

This IRD is the responsibility of NRL, who will maintain configuration control of the spacecraft to launch vehicle interfaces until such time that this document is superseded by the Spacecraft to Launch Vehicle ICD. The ICD will be the responsibility of Boeing, who shall establish, as a part of the ICD, formal procedures for interface problem identification by any representative from a participating organization. Following signature approval of the ICD, configuration control will be maintained by Boeing. A formal procedure to provide for additions, deletions, or modifications to the agreements documented in the ICD shall be defined in the ICD and maintained by Boeing.

2.0 applicable documents

The following documents form a part of this FAME LV IRD to the extent specified herein. In the event of conflict between these documents and this IRD, the IRD takes precedence. These documents are representative of requirements for launching from NASA’s Kennedy Space Center (KSC).

2.1 Government Documents.

The following documents, of the exact issue shown, form a part of this document to the extent specified herein.

2.1.1 Specifications.

	Number
	Title
	Tailoring Guidelines
	Para. Reference

	NCST-D-FM007
	FAME Contamination Control Plan
	Mandatory
	3.3.2


2.1.2 Standards.

	Number
	Title
	Tailoring Guidelines
	Para. Reference

	FED-STD-209E
	Airborne Particulate Cleanliness Classes for Clean Rooms and Clean Zones
	For guidance only
	3.3.2.1.1, 3.3.2.1.2, 3.5.1.1, 3.5.2.1

	MIL-P-27401C
	Propellant, Nitrogen, Pressurizing
	For guidance only
	3.3.1.2.2.1, 3.3.2.5.2, 3.5.1.4.1, 3.5.2.3.1

	MIL-P-27407A
	Propellant Pressurizing Agent, Helium
	For guidance only
	3.5.1.4.1, 3.5.2.3.1

	MIL-STD-461C
	Electromagnetic Emissions and Susceptibility Requirements for the Control of Electromagnetic Interference
	Mandatory
	3.3.5.4, 3.3.5.4.1

	MIL-STD-462C
	Measurement of Electromagnetic Interference Characteristics
	Mandatory
	3.3.5.4

	MIL-STD-464
	Electromagnetic Environmental Effects Requirements for Systems
	For guidance only
	3.3.5.1, 3.3.5.2

	MIL-STD-1246E
	Product Cleanliness Levels and Contamination Control Program
	For guidance only
	3.3.2.4

	MIL-STD-1522A
	Standard General Requirements for Safe Design and Operation of Pressurized Missile and Space Systems
	For guidance only
	3.6

	MIL-STD-1541A
	(USAF) Electromagnetic Compatibility Requirements for Space Systems
	Mandatory
	3.3.5.1, 3.3.5.5.1


2.1.3 Other Publications.

	Number
	Title
	Tailoring Guidelines
	Para. Reference

	EWR 127-1
	Eastern and Western Range Safety Requirements
	For guidance only
	3.5.4.4, 3.6

	JPL 32-1306
	JPL Technical Report (Astrodynamic Constants)
	For guidance only
	3.4.7.1

	TM X-53139
	NASA/MSFC Technical Memorandum (Atmosphere Model)
	For guidance only
	3.4.7.2


2.2 Non-Government Documents.

The following documents, of the latest issue in effect, form a part of this document to the extent specified herein.

2.2.1 Specifications.

Not applicable.

2.2.2 Standards.

Not applicable.

2.2.3 Other Standards.

	Number
	Title
	Tailoring Guidelines
	Cited in Paragraph

	TBD
	Launch Vehicle Contamination Control Plan
	Mandatory
	3.3.2, 3.3.2.2, 3.3.2.3

	TBD
	Electromagnetic Compatibility (EMC) Control Plan
	Mandatory
	3.3.5, 3.3.5.1, 3.3.5.5.2, 3.3.5.6

	TBD
	Spacecraft to Launch Vehicle Interface Control Document (ICD)
	Mandatory
	3.1.1, 3.1.2.1.1, 3.1.2.1.2, 3.1.2.2.2, 3.1.3.1.2, 3.1.3.2.1, 3.1.3.2.2, 3.2.3, 3.2.3.2.2, 3.2.3.4, 3.2.4.1.1, 3.2.4.1.2.1, 3.2.4.2, 3.2.4.1.2.2, 3.2.4.5.1, 3.3.1.2.1.1, 3.3.1.3.1, 3.3.5.3, 3.3.5.4.3, 3.3.5.4.4, 3.3.5.5.2, 3.4.5.2.1, 3.5.3.3


2.3 Order of Precedence.

In the event of a conflict between the text of this specification and the reference cited herein, the text of this specification takes precedence. Nothing in this specification, however, supersedes applicable laws and regulations unless a specific exemption has been obtained.

3.0 requirements

This section specifies the functional, performance, interface, logistic, quality factor and design requirements
 for the FAME Launch Vehicle (LV) which is currently the Delta II 2425-10.

g. Note that brackets “[ ]” are used within this section to denote preliminary parameter values or requirements subject to change. 

h. The term “To Be Determined” or TBD is used to denote items under study where the final value or requirement is not known.

3.1 Physical Interfaces.

3.1.1 Mechanical Interfaces.

The FAME mechanical attachment to the Delta II will be by means of the 3712A Payload Attach Fitting (PAF) and separation system provided by Delta II. The mechanical interface details shall be developed and documented in the Spacecraft (S/C) to LV ICD. The FAME spacecraft attachment is shown in Figure 3‑1 below.

3.1.2 Coordinate Systems.

The spacecraft and Delta II coordinate systems are also shown in Figure 3‑1.

[image: image1.png]



Figure 3‑1. FAME Coordinate System

3.1.2.1 Attachment Interface Detail.

3.1.2.1.1 FAME Attachment.

The FAME spacecraft will mount to the 3712A PAF by a Marmon Clampband Assembly supplied by Boeing/Delta II.

3.1.2.1.2 In-Flight Disconnects.

Two 37-pin in-flight disconnect connectors shall be mounted to the adapter for the electrical interface. The location, number of pins, and connector size shall be defined in the S/C to LV ICD.

3.1.2.2 Spacecraft Envelope.

3.1.2.2.1 Static Envelope.

The Delta II 2425-10 payload fairing (PLF) shall accommodate the static envelope of the FAME spacecraft and the 3712A PAF as shown in Figure TBD and in the S/C to LV ICD.

3.1.2.2.2 Spacecraft Critical Points Static Clearance.

The static clearance between critical parts of the spacecraft and the payload fairing shall be evaluated by Boeing/Delta II and documented in the S/C to LV ICD.

3.1.3 Electrical Interface.

The electrical interface shall consist of two (2) interface connectors at the separation plane, cable wiring through the PAF and LV to the appropriate umbilical disconnect panel, and a ground umbilical to the Spacecraft Electrical Launch Support Equipment (ELSE).

3.1.3.1 Electrical Connector Interface.

3.1.3.1.1 Spacecraft Electrical Connectors.

The electrical interface between the spacecraft and the adapter shall consist of two 37-pin in-flight disconnect connector pairs with one TBD type connector and one TBD type connector on the PAF side and mating TBD type connectors on the spacecraft side.

3.1.3.1.2 Connector Configuration.

The location and axis orientation of these connectors are to be documented in the S/C to LV ICD. Pin assignments, voltage and current limitations shall be mutually agreed and also documented in the S/C to LV ICD. 

3.1.3.1.3 Electrical Connector Contractor.

Boeing/Delta II will provide both connector pairs. Boeing/Delta II will also provide the harness as part of the PAF assembly.

3.1.3.2 Umbilical Cables.

3.1.3.2.1 Umbilical Cable Links.

Boeing/Delta II shall supply the electrical harnesses between the LV umbilical and the spacecraft in-flight disconnects sufficient in number to accommodate the signal and power circuits. These lines will be terminated at the FAME blockhouse console. The interfaces at the umbilical connectors, and the blockhouse console, shall be mutually agreed to and documented in the S/C to LV ICD.

3.1.3.2.2 Umbilical Cable Maximum Electrical Resistance.

Electrical interfaces to the spacecraft prior to launch shall be provided by FAME ELSE through the LV umbilical. The total maximum allowable resistance from the ELSE console in the blockhouse to the in-flight disconnects shall be TBD and further defined in the S/C to LV ICD.

3.2 Functional Interfaces.

3.2.1 Structure and Loads.

3.2.1.1 Factors of Safety.

3.2.1.1.1 Factors of Safety—FAME Spacecraft.

The minimum factors of safety used in the design of the FAME s/c are given in the FAME Design, Load and Analysis Document, NCST-D-FM017.

3.2.1.2 Stiffness.

· The FAME spacecraft (without LV PAF) structural stiffness is defined in the FAME Design, Loads and Analysis Document, NCST-D-FM017. Preliminary frequency requirements for the spacecraft are:

· Spacecraft ≥35 Hz in the direction of the adapter longitudinal axis.

· Spacecraft ≥15 Hz in the direction of the adapter lateral axis.

3.2.1.3 Design Loads.

3.2.1.3.1 Launch Load Factors.

The load capability of the spacecraft during the launch and flight phases must not be exceeded by the LV. Spacecraft system and subsystem loads can be obtained from the FAME Design/Loads and Analysis Requirements Document, NCST-D-FM017.

3.2.1.3.2 Prelaunch Processing Loads.

Prelaunch processing, transportation, etc., shall not subject the spacecraft to loads greater than those identified for the launch and flight phases.

3.2.1.4 Loads Analysis.

3.2.1.4.1 Analysis of Critical Flight Loads.

Boeing shall perform analyses of the dynamic environment imposed on the spacecraft during the critical launch and flight events and will provide the results to the FAME Launch Vehicle Integration Lead for evaluation. These analyses shall include calculations of the spacecraft loads and accelerations for all significant LV events and shall include maximum air loads. Three cycles of coupled loads analysis are planned. 

3.2.1.4.2 Spacecraft Structural Analysis Model.

The analyses shall use a spacecraft math model supplied by FAME that characterizes actual spacecraft structural behavior. 

3.2.2 Mass Properties.

3.2.2.1 FAME Spacecraft Mass Properties.

FAME shall provide spacecraft mass properties data on a [quarterly basis (TBD)].

3.2.2.1.1 FAME Spacecraft Launch Mass.

The launch mass of the FAME spacecraft shall be nominal [1275kg (2800 lb)TO BE PROVIDED BY RON MADER.

3.2.2.1.2 CG and MOI.

The preliminary spacecraft Center of Gravity and Moments of Inertia are TBD. TO BE PROVIDED BY RON M.

3.2.2.2 Launch Vehicle Mass Properties.

Boeing, through NASA-KSC, shall provide the FAME Program Office with LV mass properties data at Authority to Proceed (ATP), upon request, or at any time LV mass updates affect performance.

3.2.2.3 PAF Simulator.

The PAF Simulator shall represent flight fidelity mechanical and electrical interface of the spacecraft interface which shall have the stiffness and mass to adequately represent the PAF loads. The simulator shall be used for spacecraft acceptance testing.

3.2.3 Separation Requirements.

A mechanical separation system shall be incorporated in the PAF and shall be by means of a clampband assembly and four (4) separation springs to provide the proper spacecraft separation rates and velocity. The separation system mechanical interfaces shall be detailed in the S/C to LV ICD. The separation system shall be provided by Boeing.

3.2.3.1 Separation Clearance.

The separation system shall function such as to preclude re-contact between the LV and the spacecraft during initial release and subsequent orbital motion.

3.2.3.2 Spacecraft Separation Velocity and Rates.

3.2.3.2.1 Relative Separation Velocity and Rates.

The relative velocity between the LV and the spacecraft imparted by the separation springs and/or maneuvers shall be TBD m/sec ≤ V ≤ TBD m/sec (TBD ft/sec ≤ V ≤ TBD ft/sec). The RSS of all spacecraft axis rates imparted by the separation system shall be less than TBD degrees per second for the X and Y axes and less than TBD degrees per second for the Z axis.

3.2.3.2.2 Force from Separation Springs.

The maximum total force imparted by the separation system at separation on the FAME spacecraft shall be less than TBD kg/lb and shall be documented in the S/C to LV ICD.

3.2.3.3 Separation Bolt Capture.

The PAF shall provide for capture of all released separation system hardware.

3.2.3.4 In-flight Disconnect Connector Separation Forces.

The forces necessary to separate the in-flight disconnect connectors shall be specified in the S/C to LV ICD.

3.2.3.5 Separation Simulator.

Boeing/Delta II shall provide the clampband assembly and necessary equipment and hardware to support spacecraft pyroshock testing at NRL.

3.2.4 Avionics.

3.2.4.1 Separation.

3.2.4.1.1 Separation Indication for the Spacecraft.

Boeing/Delta II shall supply and mount two separation breakwire type (loop through) circuits in the in-flight disconnects to the spacecraft as determined and documented in the S/C to LV ICD for use by FAME to indicate separation of the spacecraft.

3.2.4.1.2 Separation Indication for Telemetry.

3.2.4.1.2.1 Separation Breakwire Loop.

Boeing/Delta II shall supply a separation breakwire type (loop through) separation circuit in [one] inflight disconnect on the spacecraft as determined and documented in the S/C to LV ICD. The purpose of this is to indicate to the LV whether the spacecraft is attached or detached.

3.2.4.1.2.2 Separation Verification.

Boeing/Delta II shall monitor the circuits in 3.2.4.1.2.1 and telemeter verification of the separation events in near real time.

3.2.4.2 RF Telemetry.

The spacecraft telemetry characteristics are provided in Table 3‑1 through Table 3‑3. The LV RF characteristics will be provided in the S/C to LV ICD. RF transmitters/receivers shall be compatible and shall comply with the EMI/EMC requirements of 3.3.5.

	Table 3‑1. Spacecraft Telemetry and Command System Characteristics (S-band Transmitter)

	Item
	Description

	Carrier Frequency
	2200 - 2300 MHz

	Frequency Stability
	TBD

	Telemetry Rate
	409.6 kbps(high) to 1.0 kbps (low)

	Modulation
	BPSK

	Transmit EIRP
	TBD

	Turned on at separation
	TBD


	Table 3‑2. Spacecraft Telemetry and Command System Characteristics (S-band Receiver)

	Item
	Description

	Carrier Frequency
	2025-2120 MHz

	Frequency Stability
	TBD

	Signal Bandwidth (RF)
	TBD kHz

	Receiver IF Bandwidth
	TBD MHz

	Threshold Flux Density
	TBD

	Modulation Type
	Subcarrier - BPSK (2 kbps)

	
	Carrier - PM ±1 RAD (Peak)

	Continuously powered from launch onward
	TBD


3.2.4.3 Umbilical Electrical Constraints.

	Table 3‑3. Spacecraft Telemetry and Command System Characteristics (Antenna Systems)

	Item
	Description

	Polarization
	TBD

	Patterns
	TBD

	Location
	TBD


3.2.4.4 Prelaunch Electrical Constraints.

One hundred twenty (120) seconds prior to umbilical ejection, all spacecraft ELSE electrical interface circuits shall be constrained to ensure that there shall be no current flow greater than 100 mA across the umbilical interface. C.GARNER VERIFY

3.2.4.4.1 Pre-Separation Electrical Constraints.

Ten seconds prior to the initiation of the spacecraft separation event, all spacecraft and LV electrical interface circuits shall be constrained to ensure that there shall be no current flow greater than 100 mA across the interface during the separation event. C.GARNER VERIFY
3.2.4.5 Spacecraft Telemetry and Commands

3.2.4.5.1 ELSE Baseband Telemetry Links.

3.2.4.5.1.1 ELSE Hardline Links.

Boeing/Delta II shall provide [two] hardline links for spacecraft command and telemetry between the FAME ELSE in the blockhouse and in the Payload Processing Facility (PPF). These links shall be established after the encapsulated spacecraft is mated to the LV and shall be available whenever the spacecraft is powered. C.GARNER VERIFY
3.2.4.6 Blockhouse—Spacecraft Requirements.

3.2.4.6.1 ELSE Facilities Requirements.

The ELSE in the blockhouse to support the spacecraft will be supplied by FAME. Boeing/Delta II shall provide space allocation and [480 volt, 3 phase, 60 amp, and normal wall type outlets, single phase 120 volt ac outlets] to be defined in more detail in the S/C to LV ICD. 

3.2.4.6.2 ELSE Circuit Protection.

All ELSE interfaces to the spacecraft shall be current limited to preclude damage to the LV ground and flight systems in the event of a short circuit.

3.2.4.6.3 ELSE Console Connectors.

FAME shall provide electrical adapters to interface between the blockhouse ELSE console and the facility cabling.

3.3 Environmental Interfaces.

3.3.1 Thermal Control.

3.3.1.1 Thermal Analysis.

Boeing/Delta II shall perform a LV/payload thermal analysis to predict spacecraft temperature from spacecraft encapsulation through separation.

3.3.1.1.1 Thermal Models.

3.3.1.1.1.1 FAME Spacecraft Thermal Models.

FAME shall provide spacecraft geometric and thermal computer models suitable for calculating radiant and conductive heat flow effects on the spacecraft. The computer models shall be of Critical Design Review (CDR) fidelity in industry standard formats.

3.3.1.1.1.2 Combined Thermal Model.

The spacecraft thermal model shall be combined with the LV interface thermal model by Boeing/Delta II to form the integrated thermal model. This integrated thermal model shall be used to analyze spacecraft component temperatures from encapsulated spacecraft mate on pad through separation.

3.3.1.1.2 Spacecraft Allowable Temperature Limits.

Boeing/Delta II shall maintain the temperature inside the fairing between [10°C to 18°C (50°F to 64°F) TBD] during launch pad operations. Humidity shall be maintained to the levels specified in 3.3.1.2.1.2. It shall be a goal to maintain the temperatures inside the fairing as low as possible within the range. During the launch and ascent phases of flight up to separation of the spacecraft, the spacecraft temperature must be maintained within applicable (operating or nonoperating) on-orbit design temperature limits of 10°C to 24°C.

3.3.1.1.3 Power Dissipation.

Spacecraft power nominal dissipation during the prelaunch countdown is estimated to be TBD watts (TBD watts battery trickle charge and TBD watts for spacecraft power-on checks). During full charge, the battery dissipation would increase to TBD watts for one hour, providing a total spacecraft dissipation of TBD watts for a total dissipation of TBD watts for this one-hour period.

3.3.1.2 Prelaunch Thermal Interfaces.

3.3.1.2.1 Spacecraft Ground Transportation.

3.3.1.2.1.1 Spacecraft Temperature Limits During Transportation.

During ground transport, the temperature of the external environment of the FAME spacecraft shipping container shall be maintained between 0°C and 40°C without batteries (and hydrazine) and 10°C and 40°C with hydrazine installed. The maximum time for this exposure to the environment is 6 hours. For nominal external temperature conditions, longer transportation times will be accommodated, if necessary, as specified in the S/C to LV ICD.

3.3.1.2.1.2 Spacecraft Humidity Limits During Transportation.

The relative humidity in the vicinity of the spacecraft shall be greater than 30% and less than 60%. There shall be no condensation on the spacecraft surfaces.

3.3.1.2.2 Launch Pad.

3.3.1.2.2.1 Air Conditioning System.

Conditioned air or dry nitrogen (GN2 per MIL-STD-27401, Type 1, Grade B) shall be provided within the payload fairing. The gas conditioning system shall provide relative humidity greater than 30% and less than 60% in the vicinity of the FAME spacecraft. The temperature shall be maintained as low as possible during battery charging periods (approx. 10°C). There shall be no condensation on spacecraft surfaces.

3.3.1.2.2.2 Conditioning Gas Impingement Velocity.

The conditioning gas impingement velocity over any point on the spacecraft shall not exceed 5.0 fps.

3.3.1.2.2.3 Conditioning Gas Thermal Requirements.

Gas conditioning inlet temperature and flow rate set points shall be chosen such that the spacecraft component allowable temperature limits of 3.3.1.1.2 are maintained.

3.3.1.2.2.4 Conditioning Gas Backup System.

Boeing/Delta II shall provide a backup gas conditioning system to ensure maintenance of the above specified environmental conditions in the event of a primary system failure.

3.3.1.2.2.5 Conditioning Gas System Disconnect at Launch.

The air conditioning umbilical shall not be jettisoned prior to launch commit to ensure thermal protection in the event of a recycle or abort.

3.3.1.2.2.6 Gaseous Nitrogen Line.

A dry nitrogen line (GN2 per MIL-STD-27401, Type 1, Grade B) shall be provided directly to the FAME instrument housing.

3.3.1.3 Lift-Off Through Payload Fairing Jettison.

3.3.1.3.1 Fairing Surface Temperatures.

The payload fairing inner surface temperatures from lift-off to jettison shall be specified in the S/C to LV ICD.

3.3.1.3.2 Payload Fairing Jettison through Spacecraft Separation.

Due to direct impacts on flight design, this constraint is defined in 3.4.4 and 3.4.5 with the exception of free molecular heating specified below.

3.3.1.3.2.1 Free Molecular Heating.

The maximum free molecular heating rate of a surface normal to the flight path from fairing jettison through separation of the spacecraft shall not exceed 1135 W/m2 (359.8 Btu/hr-ft2) for TBD time (e.g., 30 sec). Boeing/Delta II shall provide a time versus heating profile.

3.3.2 Contamination.

A Contamination Control Plan provided by Boeing/Delta II and approved by FAME shall be implemented to control and limit the contaminant deposition on the spacecraft. Appropriate sections of the FAME Contamination Control Plan shall also be implemented, as required. Some detailed contamination control requirements are provided below and will be incorporated into the S/C to LV ICD.

3.3.2.1 Spacecraft Environment.

3.3.2.1.1 Environmental Cleanliness.

The spacecraft shall be maintained in a Class 100,000 clean environment per FED-STD-209E, from arrival at the payload processing facility through launch.

3.3.2.1.2 Conditioning Gas Cleanliness.

When the spacecraft stack is encapsulated in the payload fairing, the conditioned gas at the outlet to the air conditioning duct shall be Class 50,000 (TBD) per FED-STD-209E.

3.3.2.2 Launch Vehicle System Cleanliness.

All LV hardware and ground support equipment which comes into direct contact with the spacecraft environment shall be inspected and cleaned to [VC-7 levels, TBD].

3.3.2.3 Material Selection.

Materials used in the construction of LV hardware which comes into direct contact with the spacecraft environment shall be controlled by the Delta II Contamination Control Plan.

3.3.2.4 Spacecraft Contamination.

The level of contaminants that the LV contributes to the spacecraft from the point of encapsulation through the contamination and collision avoidance maneuver (CCAM) shall not exceed the following molecular and particulate limits:

· Molecular: 21.5 mg/m2 (2.0 mg/ft2) (TBD)

· Particulate: Level 750 per MIL-STD-1246E (TBD)

3.3.2.5 Spacecraft Transport.

3.3.2.5.1 Spacecraft Protection.

During transport of the spacecraft from the payload processing facility to the launch pad, the spacecraft shall be protected by a sealed container (which may be the payload fairing) or under positive pressure.

3.3.2.5.2 Transport Purge Gas.

A positive GN2 (per MIL-P-27401, Type 1, Grade B or equivalent) or conditioned air purge pressure shall be maintained internal to this container to preclude entry of contaminants during the transport process.

3.3.2.6 Forward Mass Flow.

3.3.2.6.1 Forward Mass Flow Prevention.

Procedures shall be established by Boeing/Delta II to prevent or minimize forward mass flow from LV gas conditioning systems into the payload compartment.

3.3.3 Pressure.

3.3.3.1 Payload Compartment Venting.

3.3.3.1.1 Venting Pressure Differential.

The maximum pressure differential at the time of fairing jettison shall be 0.7 kN/m2 (0.1 psi).

3.3.3.1.2 Venting Pressure Gradient.

The maximum rate of pressure decrease during ascent shall be less than 2.45 kN/m2 sec (0.35 psi/sec).

3.3.3.2 Dynamic Pressure.

The dynamic pressure following payload fairing jettison through spacecraft separation shall not exceed 9.6 x 10-3 kN/m2 (0.2 lb/ft2).

3.3.4 Environments.

The FAME spacecraft shall not be exposed to environments greater than those defined in the FAME Design/Loads and Analysis Requirements Document (NCST-D-FM017) for all environments including, loads, sinusoidal and random vibration, acoustics, pressure, thermal, and shock. These environments shall be further defined in the S/C to LV ICD.

3.3.5 Electromagnetic Compatibility (EMC).

Electromagnetic interference (EMI) emissions and susceptibility of the LV and spacecraft shall be individually controlled to the extent necessary for assurance that electromagnetic compatibility (EMC) of the mated system will be achieved. Requirements shall be tailored to the needs of the FAME system in accordance with provisions of the EMC Control Plan for the LV system.

3.3.5.1 System EMI Safety Margins (EMISM).

EMISM requirements for EMC assurance shall be a minimum of 20 dB below the DC no-fire threshold for pyrotechnic circuits and 6 dB for all others. The overall integrated LV system shall provide total system (including prelaunch and flight RF environments considerations) EMC/EMISM in accordance with MIL-STD-464 and MIL-STD-1541A as implemented by the EMC Control Plan for LV systems.

3.3.5.2 Interface Electrical Bonding.

Electrical bonding shall be provided across the spacecraft to PAF separation plane interface in accordance with MIL-STD-1541A. The PAF and spacecraft shall each provide a conductive faying surface, on their respective sides of the interface, to allow 1.0 ohm (maximum) bonding to be achieved when the spacecraft is mated.

3.3.5.3 Spacecraft/Launch Vehicle Interface Conducted Emissions EMC and Harnessing.

Hard-line conducted (circuit) EMI control shall be limited and provided only to the extent necessary to ensure functional compatibility for spacecraft to/from LV equipment package circuits being interfaced. EMI control, in the form of wire twisting and shielding, shall be determined and documented in the S/C to LV ICD.

3.3.5.4 Electromagnetic Environment.

FAME spacecraft radiated EMI emissions and susceptibility characteristics shall be compatible with the specified parameters in paragraphs 3.3.5.4.1 through 3.3.5.4.4, following MIL-STD-461C and MIL-STD-462C.

3.3.5.4.1 Radiated Interference and Susceptibility.

i. Radiated Emissions. The FAME spacecraft shall not be subjected to the radiated interference fields in excess of the values shown in Figure 3‑2. This requirement includes transmitter spurious radiations, receiver oscillator radiation, various other spurious emission, transients, and broadband interference, but does not include radiation emanating from antennas. These limits are modifications to MIL-STD-461C, RE02. The specified levels in Figure 3‑2 are measured 1 meter away.

j. Radiated Field Susceptibility. The FAME spacecraft shall not be subjected to the radiated fields greater than levels shown in Figure 3‑3.

3.3.5.4.2 Conducted Interference.

k. Conducted Emissions (CE) and Conducted Susceptibility (CS) on Signal Lines.

(1) Data Buses. Conducted Emissions on the data buses shall not exceed 50 mVpp from DC to 20 MHz. This requirement is applicable regardless of the source and user because the buses transmit data in both directions. Conducted Susceptibility is to be tested at 100 mVpp through inductive coupling on 2 m of cable.

(2) TLM/CMD Lines. The specifications shown in Table 3‑4 are from 1 Hz to 300 kHz and decrease at 6 dB/octave beyond 300 kHz.

l. Conducted Steady-State Current Interference Feedback from Load. The total steady-state conducted narrowband interference current fed back to the bus from the bus loads shall not exceed 3% peak-to-peak of the dc steady-state input current. In addition, conducted emissions from the bus users shall not exceed the limit shown in Figure 3‑4, where the upper limit is: 80 + 20 log (P/30) in dBµA rms, P being the electrical consumption of the unit in W.

3.3.5.4.3 Launch Vehicle Radiated Emissions.

Spacecraft functional operations and EMISM shall not be adversely affected by the presence of the worst case LV radiated emissions (present at the launch vehicle/spacecraft separation plane) and shall be specified in the S/C to LV ICD.
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	b. Broadband

	Figure 3‑2. Radiated Emissions
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Figure 3‑3. Radiated Field Susceptibility Limits


	Table 3‑4. CE and CS on Telemetry and Command Lines

	CMD: HIGH LEVEL ON/OFF
	User CE:
	250 mVpp max. on 0 level

	
	
	3 mApp max. on 1 level

	
	User CS:
	2 Vpp min.

	TLM
	Bilevel
	User CE:
	50 mVpp max. on 0 level

	
	
	
	100 mVpp max. on 1 level

	
	
	User CS:
	100 µApp min.

	
	Analog
	User CE:
	20 mVpp max.

	
	
	User CS:
	8 µApp min.


3.3.5.4.4 Launch Complex RF Environment.

The expected spacecraft exposure to RF levels at the launch site shall be specified in the S/C to LV ICD.

3.3.5.5 Electrical Grounding and Isolation.

3.3.5.5.1 Spacecraft Single Point Ground.

The spacecraft single point ground system shall be in accordance with paragraph 5.2.2 and 5.2.3 of MIL-STD-1541A.

3.3.5.5.2 Interface Circuit Ground/Isolation.

The Delta II grounding system shall be as described in the EMC Control Plan. Interface circuit grounding and isolation shall be finalized and documented in the S/C to LV ICD.

3.3.5.6 Lightning and P-Static Protection.

The Delta II PLF and umbilical harness design provisions will protect the spacecraft from direct effects of lightning and P-static (triboelectric) electrification and electrostatic discharge (ESD) in accordance with the Delta II system provisions described in the EMC Control Plan for the Delta II System. Spacecraft circuit protection devices will be provided by FAME and installed as required by Boeing/Delta II.

3.4 Mission Design and Performance.

The purpose of this section is to specify general mission and performance conditions and constraints. 

3.4.1 Mission Orbit Requirements.

3.4.1.1 Launch Vehicle Performance.

The LV shall provide the performance necessary to place the FAME spacecraft of nominal [1275kg (2800 lb)] into a Geosynchronous Transfer Orbit (GTO) of 185km x 35,786km.

3.4.1.2 Orbital Insertion Accuracies.

The three sigma orbital dispersions of a GTO mission (185km x 35,786km) shall be +/- 9 mps for Perigee Velocity and +/- 0.48 degrees for inclination. These values shall be met by Boeing/Delta II.

3.4.1.3 Configuration, Performance, and Weight Status Reports.

Orbit parameters for the FAME launch will be developed, documented, and maintained by Boeing/Delta II in the appropriate mission peculiar Configuration, Performance, and Weight Status reports. Final orbit parameters will be provided as required.

3.4.2 Launch Window.

Both the Delta II and the spacecraft designs and operational capabilities must support launching and injecting at a fixed time of day, any day, based on the launch site.

3.4.2.1 Injection Window.

TBD.

3.4.2.2 Launch Window Size.

The LV shall be capable of supporting a launch window which satisfies the injection window requirements specified herein. The anticipated launch window size is TBD.

3.4.3 Spin Rates.

The Delta II third stage shall spin up to a rate of no greater than 60 rpm prior to its Stage II/III separation and Stage III ignition. After Stage III burnout and prior to spacecraft separation, the Delta II shall despin FAME to a rate of no greater than [1 rpm].(TBD)

3.4.4 Separation Conditions.

3.4.4.1 Definition of Spacecraft Separation.

Spacecraft separation is defined as the instant of loss of physical contact between the spacecraft and the adapter.

3.4.4.2 Separation Maneuvers and Sequence of Events.

3.4.4.2.1 Separation Sequence of Events.

The separation sequence of events shall preclude recontact between the Delta II and the separated FAME spacecraft.

3.4.4.2.2 Separation Maneuvers.

3.4.4.2.2.1 In-plane Separation.

The Delta II LV shall minimize the out-of-plane components of the spacecraft separation velocity. The preferred separation directions are forward and backward along the orbital velocity vector.

3.4.4.2.2.2 Attitude.

The Delta II LV shall not impart motion to the spacecraft at the time of separation greater than that specified in 3.2.3.2. The separation attitude vector shall be 155 degrees +/- 20 degrees as specified by FAME and as required in paragraph 3.4.6.2
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Figure 3‑4. Conducted Emission Limit from Bus Users


3.4.4.3 Separation Command.

The Delta II LV shall issue the separation commands to the FAME spacecraft. The FAME spacecraft will be separated in the proper orbit within (TBD) minutes after lift-off.

3.4.5 Post-Separation.

3.4.5.1 Spacecraft Maneuvers.

The spacecraft shall not have an active attitude maneuver for [10 minutes TBD]after spacecraft separation. Orbit adjustments, if required, will be coordinated with Boeing/Delta II and FAME.

3.4.5.2 Launch Vehicle Maneuvers.

Following separation of the FAME spacecraft, the LV shall perform maneuvers as required to preclude recontact with the spacecraft. These maneuvers shall be initiated within one-half of an orbital revolution period of the LV following the separation of the FAME spacecraft.

3.4.5.2.1 Launch Vehicle Exhaust Product Exposure.

These maneuvers shall minimize spacecraft exposure to LV exhaust products. To avoid direct impingement of LV exhaust products on the spacecraft, these maneuvers shall be designed to preclude exposing the spacecraft to the “core” of the RCS plumes. Specific constraints shall be specified in the S/C to LV ICD.

3.4.5.3 Launch Vehicle Deorbit.

After the FAME spacecraft has been deployed, the LV shall deorbit from the FAME orbit to prevent interference with FAME operations. Specific disposal orbits, timelines, and maneuvers are TBD by Boeing/Delta II, but must be approved by the FAME Program Office a minimum of 90 days prior to the planned launch date.

3.4.6 Telemetry.

3.4.6.1 Coverage.

Telemetry coverage shall be provided for real time LV downlink of spacecraft separation data to support orbital parameter requirements and spacecraft separation confirmation. [The spacecraft does not require telemetry coverage from launch through separation. TBD] - TRUE or FALSE????

3.4.6.2 Spacecraft Separation Orbital Parameter Message.

Orbital parameter messages shall be supplied to FAME console personnel via data link and/or facsimile upon separation of the FAME spacecraft as defined in Table 3‑5. All orbit parameters are defined at spacecraft/launch vehicle separation. This information is necessary to permit acquisition of the spacecraft by the Ground Operations Center (GOC).

	Table 3‑5. Times Required for Delivery of Orbital Parameter Messages

	Message
	Initial
	Final

	Time of Separation
	Near real time
	

	Velocity Vectors

Position Vectors


Apogee


Perigee


Inclination


Eccentricity


RAAN Dispertion
	< 10 minutes after separation
	< 60 minutes after separation


3.4.7 Models.

TBD(other similar models may be substituted by Boeing in this section)

3.4.7.1 Earth.

Earth constants and related astrodynamic constants to be used for definition of mission design are those of JPL Technical Report 32-1306. The potential function used shall include zonal harmonics only through J4. The earth radius to be used for all altitude requirement definitions shall be 6378.1 (3443.9 nautical miles).

3.4.7.2 Atmosphere.

The atmosphere model of NASA/MSFC Technical Memorandum X-53139 shall be used for ascent phase mission design. This model shall be extended from 90 km to 605 km altitude by the technique given in the U.S. Standard Atmosphere, 1962, with latitude adjustments so that it is directly applicable to the vehicle launch site.

3.5 Ground Operations.

NOTE: FAME/Boeing personnel (TBD) will load hydrazine on the FAME spacecraft and Boeing will assemble the spacecraft on the PAF at the launch site. The facility requirements below are representative of these needs, but Boeing/NASA-KSC may suggest alternatives. This section reflects the terminology of the U.S. Eastern and Western Ranges. Specific terminology and documents will be revised as appropriate.

NASA-KSC and Boeing will provide the facilities, equipment, supplies, personnel, and procedures at the launch site to receive, transport, process, test, and integrate the spacecraft and associated support equipment with the launch system, and launch the FAME spacecraft. A Payload Processing Facility (PPF), Hazardous Processing Facility (HPF), a launch complex, and storage facilities for propellants, support equipment and miscellaneous supplies shall be provided.

3.5.1 Payload Processing Facility.

Provide a PPF with:

· High bay clean room for processing the spacecraft;

· Room(s) in the PPF for installation of spacecraft; 

· Checkout and control equipment; 

· Office space for FAME personnel; and 

· Storage for GSE and ordnance.

3.5.1.1 PPF Configuration.

The PPF high bay clean room will be configured as shown in Table 3‑6. Sufficient capacity shall be provided to safely and conveniently process the spacecraft. 

	Table 3‑6. PPF Room Configuration

	Item
	Description

	Temperature Control
	23.9° ±2.8°C (75° ± 5°F)

	Humidity Control
	45 ±15%

	Cleanliness
	Class 100,000 per FED-STD-209E

	Clean Room Garments
	Clean Room garments, storage, and a change room will be provided

	Closed Circuit TV
	A fixed CCTV system will be provided for remote viewing of PPF spacecraft processing from the PPF control room

	Power Requirement
	Two 480 volt 3 phase 60 amp and several standard single phase 120 volt ac


3.5.1.2 Control Room.

Two rooms will be provided adjacent to the spacecraft processing room for the spacecraft functional testing. These rooms will provide access for electrical cables to the spacecraft test stand and will provide visual access through windows. The control room will be configured as shown in Table 3‑7. Sufficient capacity shall be provided to safely and conveniently install and use the FAME ELSE.

	Table 3‑7. Control Room Configuration

	Item
	Description

	Temperature Range
	21.1° to 25.5°C (70° to 78°F)

	Relative Humidity
	Conditioned air (humidity control not required)

	Power Requirement
	Two 480 volt 3 phase 60 amp and several standard single phase 120 volt ac

	Ethernet Connection
	Standard TBD


3.5.1.3 Office Space.

Approximately TBD sq. ft. (TBD m2) of air conditioned office space with desks, chairs, file cabinets, public telephone services for voice and data transmission, and ethernet connections shall be provided adjacent to the PPF high bay assigned to the FAME mission.

3.5.1.4 Mechanical Services.

3.5.1.4.1 High Pressure Gases.

[Up to 10 pressurized cylinders (volume of 50 liters each) of GN2 (per MIL-P-27401, Type 1, Grade B) at 13,800 kN/m2 (2000 psi) nominal and Helium (per MIL-P-27407A, Type 1, Grade A) 15, 200 kN/m2 (2200 psi) (K-bottle) nominal will be provided in the PPF. Analysis certificates shall accompany each cylinder and bottle.]TBD

3.5.1.4.2 Transportation Container.

FAME personnel will process the FAME spacecraft transportation containers into the PPF high bay. A clean room compatible tug or forklift to move the spacecraft transportation containers shall also be provided.

3.5.1.4.3 Blast Shield.

A blast shield will be provided for the spacecraft pressurization tests.

3.5.1.4.4 Cold Storage.

One cubic foot of freezer storage will be required. In addition, refrigeration storage capacity for one spacecraft battery plus one spare battery (dimensions TBD) will be provided in the PPF, from one month prior to commencing launch base operations. The refrigerator should be capable of maintaining the batteries at 5°C to 10°C (41°F to 50°F). The humidity inside the refrigerator should be maintained such that there is no possibility of condensation on the batteries.

3.5.1.5 Electrical Services.

Standard 60 Hz, 120 volt ac, 15 amp, single phase, three wire grounded service outlets will be available in the airlock, high bay, control rooms and office areas. Four hundred eighty volt, 60 amp three phase uninterruptible power using Hubbell NEMA 460 R7W type connectors will be available in the airlock (3 outlets), high bay (4) and control rooms (3 each).]

3.5.1.6 Communications.

Communication services will be provided in the spacecraft processing room, the control room and the office space as described in 3.5.6.

3.5.1.7 Spacecraft Storage.

Storage space in an environmentally controlled area will be available for nominally 15 days prior to starting the launch campaign. The total storage and launch campaign duration shall not exceed 60 days.

3.5.2 Hazardous Processing Facility.

A Hazardous Processing Facility (HPF) for spacecraft propellant loading and pressurization, weighing, spacecraft/adapter integration and mate with the PAF as appropriate shall be provided. The integrated payload may be encapsulated in the payload fairing at the HPF. NASA/Boeing shall provide either the PLF or a transportation container and shall be responsible for transportation from the HPF to the Launch Complex. The required services for hydrazine storage, loading, cart filling, protective clothing, safety showers, eye wash appliances, and safety monitoring shall be provided.

3.5.2.1 HPF Configuration Room.

The HPF high bay clean room will be configured as shown in Table 3‑8. Sufficient capacity shall be provided to safely and conveniently process the spacecraft.

	Table 3‑8. HPF Room Configuration

	Item
	Description

	Temperature Control
	23.9°C ±2.8°C (75° ± 5°F)

	Humidity Control
	45 ±15%

	Cleanliness
	Class 100,000 per Federal Standard 209E

	Clean Room Garments
	Clean room garments, SCAPE suits, storage area and a change room will be provided

	Closed Circuit TV
	A fixed CCTV system will be provided for remote viewing of HPF spacecraft processing from the HPF control room

	 HPF high bay
	The HPF high bay will have a conductive floor surface.

	Work Tables
	Clean room compatible tables will be available for tools and documents used during test and assembly operations


3.5.2.2 HPF Control Room.

The HPF control room environment will provide conditioned air at a temperature range of 23 ±5°C.

3.5.2.3 Mechanical Services.

3.5.2.3.1 High Pressure Gases.

[Up to 10 pressurized cylinders of GN2 (per MIL-P-27401, Type 1, Grade B) at 13,800 kN/m2 (2000 psi) nominal and Helium (per MIL-P-27407A, Type 1, Grade A) 41,400 kN/m2 (6000 psi) and 15,200 kN/m2 (2200 psi) nominal (K-bottle) will be provided in the HPF. Analysis certificates shall accompany each cylinder and bottle.]TBD

3.5.2.3.2 Spacecraft Transportation Containers.

FAME personnel will process the FAME spacecraft transportation container into the HPF high bay. A clean room compatible tug or forklift to move the spacecraft transportation containers shall be provided.

3.5.2.3.3 Propellant Cart Servicing and Deservicing.

[FAME will provide the propellant cart for servicing the FAME spacecraft]TBD...Us or them???. Receiving and storage of the FAME provided propellant and arrangement for delivery of hydrazine to the HPF shall be provided. Safety support will be provided during these operations.

3.5.2.3.4 Toxic Waste Disposal.

Waste propellants will be collected for disposal. The HPF operator will arrange for waste disposal through approved agencies.

3.5.2.3.5 Propellant Sampling.

Analysis of hydrazine samples shall be provided. Required analysis specification will be provided by FAME. Preloading and post loading samples (2) will be required.

3.5.2.3.6 Spacecraft Weighing.

Calibration weights will be provided. FAME personnel will weigh the spacecraft and provide the results to Boeing.

3.5.2.3.7 Spacecraft Move.

FAME personnel will provide and utilize handling equipment necessary to handle and move the fueled FAME spacecraft within the HPF.

3.5.2.3.8 FAME Spacecraft/Adapter Mate.

Boeing shall mate the spacecraft to the PAF with FAME personnel support.

3.5.2.3.9 Mating to the Launch Vehicle and Encapsulation.

Boeing shall be responsible for transportation of the spacecraft assembly, for mating with the LV, and for encapsulation within the payload fairing.

3.5.2.4 Electrical Services.

[Two 480 volt, 3 phase, 60 amp, and several standard single phase 120 volt ac, power shall be available for the blockhouse console in the high bays and control room.](TBD)

3.5.2.5 Communications.

Voice intercom communications suitable for hazardous operations will be provided. General communications services are described in 3.5.6.

3.5.3 Launch Complex.

3.5.3.1 Spacecraft Access.

TBD.

3.5.3.2 Blockhouse Access.

Access will be provided to FAME personnel required to support all independent and combined test operations.

3.5.3.3 Electrical Power.

3.5.3.3.1 Power Requirements.

[Two 480 volt, 3 phase, 60 amp, and several standard single phase 120 volt ac outlets shall be provided in the blockhouse for the FAME blockhouse console ELSE.]

3.5.3.3.2 AC Power Physical Interfaces.

FAME shall provide cables with mating plugs to interconnect FAME support equipment with facility power. Information on the exact connector mates shall be provided to FAME.

3.5.3.3.3 Back-up Electrical Power.

A non-interruptible backup electrical power generator source for the following uses shall be provided:

· FAME blockhouse console per 3.5.3.3.1;

· PLF gas conditioning system;

· Communications systems; and

· Emergency lighting.

3.5.4 Electrical Grounding.

3.5.4.1 Spacecraft Grounding.

3.5.4.1.1 Launch Complex Facility Ground.

A facility earth referenced ground attachment point shall be provided for used during spacecraft/launch vehicle mating operations.

3.5.4.1.2 Ground Cable.

A grounding cable which shall interconnect the facility ground attachment point to the spacecraft stack during mating and encapsulation operations shall be provided.

3.5.4.2 Facility Grounds for Spacecraft GSE.

3.5.4.2.1 Earth-Referenced Ground Points.

Earth-referenced ground attachment points shall be provided at the launch complex and in the blockhouse for grounding Spacecraft GSE.

3.5.4.2.2 Grounding Cables.

FAME will provide all cables and attachment hardware required to interconnect FAME support equipment with facility grounds.

3.5.4.3 Personnel Grounding.

Appropriate attachment points shall be provided, as required, for FAME personnel to attach their personal grounding straps.

3.5.4.4 Ground Continuity.

The resistance between the earth referenced ground attachment points defined in 3.5.4.1, 3.5.4.2, and 3.5.4.3 and the associated facility ground rods shall not exceed the grounding requirements defined in EWR 127-1 or equivalent.

3.5.5 Transportation.

3.5.5.1 Transportation to the Launch Complex.

3.5.5.1.1 Gas Purge.

During transportation, a conditioned gas purge will be supplied to prevent the entry of contaminants.

3.5.5.1.2 Transportation Permits, Escorts, and Coordination.

Permits and escorts will be secured by NASA as required. Weather forecasts will be obtained by NASA, evaluated, and coordinated with FAME management prior to initiating transport.

3.5.6 Communications.

Communications services described in the following paragraphs for use by FAME personnel will be provided.

3.5.6.1 Intercom.

Intercom circuits will be assigned in the PPF and HPF clean rooms and control rooms, and the PPF office area. Designated circuits will be interconnected to Launch Complex for pad operations. Compatible head sets will be provided.

3.5.6.2 Countdown Clock.

The Launch Complex countdown clock will be extended to the PPF for distribution to the control room.

3.5.6.3 Closed Circuit TV.

CCTV viewing of Spacecraft processing at the PPF, fueling operations at the HPF, and spacecraft and LV processing at the Launch Complex will be provided to monitors in the PPF control rooms. Videotape recordings of spacecraft processing at the PPF, fueling operations at the HPF, and spacecraft and LV processing at the Launch Complex will be maintained for 1 week (minimum).

3.5.6.4 Copy Machines.

A low capacity copy machine will be available in the PPF. A high capacity copy machine will be easily accessible.

3.5.6.5 Baseband Data Circuits.

Two telemetry data circuits will be available in the PPF.

3.5.6.6 Data Circuit for Spacecraft Processing.

[A data circuit shall be provided between the EAGE in the PPF and the HPF during spacecraft processing.] TBD

3.5.6.7 Telemetry and Command Data Circuit.

[A telemetry and command data circuit linking the Launch Complex and the PPF control room will be provided.] TBD

3.5.6.8 Public Address.

Access to the PPF and HPF public address system will be provided. Public address and paging services will be provided.

3.5.6.9 Facsimile.

Facsimile instruments shall be available at the PPF.

3.5.6.10 Public Telephone.

Public telephone access shall be provided in the spacecraft processing, office, and Launch Complex Facility.

3.5.7 Ground Operations Environment.

3.5.7.1 Transport.

The following requirements associated with ground transportation shall be met while transporting either the FAME spacecraft.

3.5.7.1.1 Temperature and Humidity.

The temperature and humidity requirements are per paragraph 3.3.1.2.

3.5.7.1.2 Limit Loads.

Dynamic loads induced during transportation on the spacecraft shall not exceed the g loads during the launch and flight.

3.5.7.1.3 Wind Constraints.

Wind loading constraints for the transport vehicle will be determined by Boeing.

3.5.8 Security.

TBD

3.5.8.1 Controlled Access Areas.

A controlled access area surrounding the FAME spacecraft and associated GSE is required. Access to this area will be limited to personnel named on the Access List controlled by a FAME Custodian. The FAME Custodian will keep the Access List. Personnel whose names are not on the Access list can be escorted by those identified as authorized escorts by the Access List.

3.5.8.1.1 CCTV Surveillance.

When personnel are not present, or during non-working hours, CCTV camera surveillance of controlled areas will be provided.

3.6 Safety Requirements.

The safety criteria contained in EWR 127-1 (or equivalent), as they apply to the interface and facility/processing requirements addressed herein, shall be implemented. When utilizing commercial facilities, the safety criteria contained in the appropriate corporation safety policy document shall be implemented. MIL-STD-1522A shall be used for safe design of pressurized systems unless superseded by the Subcontractor’s internal documentation.

4.0 verification

4.1 Verification Requirements.

This section specifies the verification methods for the interface requirements of Section 3.0. Interface verification requirements are presented in Table 4‑1. Interfaces shall be verified as early in the program as possible; however, factory verified interfaces requiring physical demating for shipment to the launch base shall require reverification upon completion of mating operations at the launch site.

4.2 Methods.

The methods of verification will be analysis, inspection, demonstration, or test as defined below.

4.2.1 Analysis.

A process used in lieu of or to supplement test data to verify requirement compliance. Analytical techniques include math modeling and simulation, statistical evaluation, systems engineering analysis, and interpretation or interpolation/extrapolation of data under defined conditions. Analysis also includes software design and verification activities.

4.2.2 Inspection.

Inspection is a non-destructive verification method consisting of investigation, without the use of special laboratory appliances or procedures, to determine compliance with requirements. Inspection may be accomplished by:

m. Reviewing applicable document, specifications, drawings, or assembly instructions.

n. Visual examination of hardware to determine qualitative and quantitative properties such as construction features, workmanship, finishes, identification, envelopes, tolerances, and dimensional requirements. Gauging and measurement may be accomplished with simple measuring devices, provided that the system is inactive and that electrical, mechanical, and/or environmental stimuli are not applied.

4.2.3 Demonstration.

o. Demonstration and Measurement: A method of verification that is limited to readily observable functional operation to determine compliance with requirements. This method shall not require the use of special equipment or sophisticated instrumentation. Demonstration shall be accomplished under actual use or simulated use conditions. Demonstration shall consist of functional checks and test to confirm compliance with requirements.

p. Simulation: 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.

4.2.4 Test.

Verification by test is performed through use of established principles and procedures for application of electrical, mechanical, and/or environmental stimuli in order to measure specific responses using specialized instrumentation. Test may require the system to be activated and it will be subjected to controlled conditions that represent real or simulated operational parameters.

4.2.4.1 Acceptance Tests.

Acceptance tests shall be the contractually required formal tests that are conducted to demonstrate acceptability for delivery. Acceptance tests shall serves as a quality screening and process control tool to detect deficiencies of workmanship, material, and quality. The acceptance test baseline consists of all of the following tests:

q. Physical Test—Acceptance: The values and parameters specified for weight, center of gravity, moment of inertia, and envelope shall be verified within stated tolerances.

r. Performance Test—Acceptance: A comprehensive performance test shall be conducted prior to and following the environmental test sequence to assure that the performance meets the requirements of the specification.

s. Functional Test—Acceptance: A functional test shall be conducted prior to and following each environmental test to assure functionality and that a critical failure has not occurred.

t. Environmental Test—Acceptance: Specific test requirements are provided in Table 4‑1.

4.2.4.2 Formal Qualification Testing (FQT).

If invoked by contract, FQT shall be conducted to demonstrate that the design and manufacturing methods used in the construction of the component have resulted in an item that has suitable margins. The FQT baseline consists of all of the following tests:

u. Acceptance Test: An acceptance test to the requirements of Section 4.2.4.1 shall be conducted.

v. Environmental and Performance Tests—FQT: Specific FQT test requirements are provided in Table 4‑1.

w. Functional Test—FQT: A functional test shall be conducted prior to and following each environmental test to assure functionality and that a critical failure has not occurred. 

4.2.4.3 Protoflight Tests.

This test sequence combines FQT and Acceptance Testing into a single series of tests. Components subjected to protoflight testing may be used as flight hardware, with the exception of components subjected to burst or other destructive testing. Components that have successfully undergone protoflight testing shall not be required to undergo additional acceptance or qualification testing. Hardware used for protoflight testing shall have been manufactured to flight article specifications. If invoked by contract, protoflight testing will combine Acceptance Testing and FQT into a single series of tests.

4.2.4.4 Calibration.

TBD.

4.3 Interface Verification Matrix.

Boeing may expand the interface requirements matrix (Table 4‑1), adding implementation information such as working group assignments, place of performance, safety criticality, and close-out verification plan, and shall include it as the Interface Requirements Verification Matrix in the S/C to LV ICD as required. The mechanism for maintaining traceability of the interface requirements verification will be the Interface Requirements Verification Matrix. All physical, functional, environmental, and performance interfaces between the FAME spacecraft and the launch vehicle shall be verified to the extent possible within the scope of factory or prelaunch ground processing. Boeing/Delta II and/or FAME shall be responsible for closing verifications by producing evidence of completion.

4.4 Safety.

During the verification of interface requirements certain methods will be identified as being safety critical. Generally, these methods will verify the safety status of conditions, events, operations, processes, items, or systems that have a potential for major injury or damage. Determination of safety critical verification items will be accomplished by NASA Safety with input from the appropriate engineering discipline(s) involved in each interface requirement.

	Table 4‑1. Verification Requirements Checklist

	Requirements
	Verification Method
	Verification Requirement

	Section No.
	Title
	Not Applicable
	Analysis, Inspection and Demonstration
	Verify by Test
	

	
	
	
	Analysis
	Inspection
	Demo
	
	

	3.0
	REQUIREMENTS
	X
	
	
	
	
	

	3.1
	Physical Interfaces
	X
	
	
	
	
	

	3.1.1
	Mechanical Interfaces
	
	
	X
	X
	
	4.2.2, 4.2.3

	3.1.2
	Coordinate Systems
	
	
	X
	
	
	4.2.2

	3.1.1.2
	Attachment Interface Detail
	X
	
	
	
	
	

	3.1.1.2.1
	FAME Attachment
	
	
	X
	X
	
	4.2.2, 4.2.3

	3.1.1.2.2
	In-Flight Disconnects
	
	
	X
	X
	
	4.2.2, 4.2.3

	3.1.1.2.3
	Template
	
	
	X
	
	
	4.2.2

	3.1.1.3
	Spacecraft Envelope
	X
	
	
	
	
	

	3.1.1.3.1
	Static Envelope
	
	
	X
	
	
	4.2.2

	3.1.1.3.2
	Spacecraft Critical Points Static Clearance
	
	
	X
	X
	
	4.2.2, 4.2.3

	3.1.2
	Electrical Interface
	
	
	X
	
	
	4.2.2

	3.1.2.1
	Electrical Connector Interface
	X
	
	
	
	
	

	3.1.2.1.1
	Spacecraft Electrical Connectors
	
	
	X
	X
	
	4.2.2, 4.2.3

	3.1.2.1.2
	Connector Configuration
	
	
	X
	X
	
	4.2.2, 4.2.3

	3.1.2.1.3
	Electrical Connector Contractor
	
	
	X
	X
	
	4.2.2, 4.2.3

	3.1.2.2
	Umbilical Cables
	X
	
	
	
	
	

	3.1.2.2.1
	Umbilical Cable Links
	
	
	X
	X
	
	4.2.2, 4.2.3

	3.1.2.2.2
	Umbilical Cable Maximum Electrical Resistance
	
	
	X
	X
	
	4.2.2, 4.2.3

	3.2
	Functional Interfaces
	X
	
	
	
	
	

	3.2.1
	Structure and Loads
	X
	
	
	
	
	

	3.2.1.1
	Factors of Safety
	X
	
	
	
	
	

	3.2.1.1.1
	Factors of Safety—Flight Hardware
	
	X
	
	
	
	4.2.1

	3.2.1.2
	Stiffness
	
	X
	
	
	X
	4.2.1, 4.2.4.1

	3.2.1.3
	Design Loads
	X
	
	
	
	
	

	3.2.1.3.1
	Launch Load Factors
	
	X
	
	
	X
	4.2.1, 4.2.4.1

	3.2.1.3.2
	Prelaunch Processing Loads
	
	
	X
	
	
	4.2.2

	3.2.1.3.3
	Coupled Loads Analysis
	
	X
	
	
	
	4.2.1

	3.2.1.4
	Loads Analysis
	X
	
	
	
	
	

	3.2.1.4.1
	Analysis of Critical Flight Loads
	
	X
	
	
	
	4.2.1

	3.2.1.4.2
	Spacecraft Structural Analysis Model
	
	X
	
	
	
	4.2.1

	3.2.2
	Mass Properties
	X
	
	
	
	
	

	3.2.2.1
	FAME Spacecraft Mass Properties
	
	X
	X
	
	
	4.2.1, 4.2.2

	3.2.2.1.1
	FAME Spacecraft Launch Mass
	
	X
	X
	
	X
	4.2.1, 4.2.2, 4.2.4.4

	3.2.2.2
	Launch Vehicle Mass Properties
	
	X
	X
	
	
	4.2.1, 4.2.2

	3.2.2.3
	Flight Adapter Simulator
	
	
	X
	X
	X
	4.2.2, 4.2.3, 4.2.4.1

	3.2.3
	Separation Requirements
	
	
	X
	
	
	4.2.2

	3.2.3.1
	Separation Clearance
	
	X
	X
	
	
	4.2.1, 4.2.2

	3.2.3.2
	Spacecraft Separation Velocity and Rates
	
	X
	
	
	
	4.2.1

	3.2.3.2.1
	Relative Separation Velocity and Rates
	
	X
	
	
	
	4.2.1

	3.2.3.2.2
	Force from Separation Springs
	
	X
	
	
	X
	4.2.1, 4.2.4.3

	3.2.3.3
	Separation Bolt Capture
	
	X
	X
	
	
	4.2.1, 4.2.2

	3.2.3.4
	In-flight Disconnect Connector Separation Forces
	
	
	X
	
	X
	4.2.2, 4.2.4.4

	3.2.3.5
	Separation Simulator
	
	
	X
	
	X
	4.2.2

	3.2.4
	Avionics
	X
	
	
	
	
	

	3.2.4.1
	Separation
	X
	
	
	
	
	

	3.2.4.1.1
	Separation Indication for the Spacecraft
	
	
	X
	
	
	4.2.2

	3.2.4.1.2
	Separation Indication for Telemetry
	X
	
	
	
	
	

	3.2.4.1.2.1
	Separation Breakwire Loop
	
	
	X
	
	
	4.2.2

	3.2.4.1.2.2
	Separation Verification
	
	
	X
	
	X
	4.2.2, 4.2.4.1

	3.2.4.2
	RF Telemetry
	
	
	X
	
	
	4.2.2

	3.2.4.3
	Umbilical Electrical Constraints
	X
	
	
	
	
	

	3.2.4.4
	Prelaunch Electrical Constraints
	X
	
	
	
	
	

	3.2.4.4.1
	Pre-Separation Electrical Constraints
	X
	
	
	
	
	

	3.2.4.5
	Spacecraft Telemetry and Commands
	X
	
	
	
	
	

	3.2.4.5.1
	ELSE Baseband Telemetry Links
	
	
	X
	
	
	4.2.2

	3.2.4.5.1.1
	ELSE Hardline Links
	
	
	X
	
	
	4.2.2

	3.2.4.6
	Blockhouse—Spacecraft Requirements
	
	
	X
	
	
	4.2.2

	3.2.4.6.1
	ELSE Facilities Requirements
	
	
	X
	
	
	4.2.2

	3.2.4.6.2
	ELSE Circuit Protection
	
	
	X
	
	
	4.2.2

	3.2.4.6.3
	ELSE Console Connectors
	
	
	X
	
	
	4.2.2

	3.3
	Environmental Interfaces
	X
	
	
	
	
	

	3.3.1
	Thermal Control
	X
	
	
	
	
	

	3.3.1.1
	Thermal Analysis
	
	X
	
	
	
	4.2.1

	3.3.1.1.1
	Thermal Models
	X
	
	
	
	
	

	3.3.1.1.1.1
	FAME Spacecraft Thermal Models
	
	X
	
	
	
	4.2.1

	3.3.1.1.1.2
	Combined Thermal Model
	
	X
	
	
	
	4.2.1

	3.3.1.1.2
	Spacecraft Allowable Temperature Limits
	
	X
	
	
	
	4.2.1

	3.3.1.1.3
	Power Dissipation
	
	X
	
	
	
	4.2.1

	3.3.1.2
	Prelaunch Thermal Interfaces
	X
	
	
	
	
	

	3.3.1.2.1
	Spacecraft Ground Transportation
	X
	
	
	
	
	

	3.3.1.2.1.1
	Spacecraft Temperature Limits During Transportation
	
	
	X
	
	
	4.2.2

	3.3.1.2.1.2
	Spacecraft Humidity Limits During Transportation
	
	
	X
	
	
	4.2.2

	3.3.1.2.2
	Launch Pad
	X
	
	
	
	
	

	3.3.1.2.2.1
	Gas Conditioning System
	
	
	X
	
	
	4.2.2

	3.3.1.2.2.2
	Conditioning Gas Impingement Velocity
	
	
	X
	
	
	4.2.2

	3.3.1.2.2.3
	Conditioning Gas Thermal Requirements
	
	X
	X
	
	
	4.2.1, 4.2.2

	3.3.1.2.2.4
	Conditioning Gas Backup System
	
	
	X
	
	
	4.2.2

	3.3.1.2.2.5
	Conditioning Gas System Disconnect at Launch
	
	
	X
	
	
	4.2.2

	3.3.1.2.2.6
	Dry Nitrogen Line
	
	
	X
	
	
	4.2.2

	3.3.1.3
	Lift-Off Through Payload Fairing Jettison
	X
	
	
	
	
	

	3.3.1.3.1
	Fairing Surface Temperatures
	
	X
	X
	
	
	4.2.1, 4.2.2

	3.3.1.3.2
	Payload Fairing Jettison through Spacecraft Separation
	
	X
	X
	
	
	4.2.1, 4.2.2

	3.3.1.3.2.1
	Free Molecular Heating
	
	X
	X
	
	
	4.2.1, 4.2.2

	3.3.2
	Contamination
	
	
	X
	
	
	4.2.2

	3.3.2.1
	Spacecraft Environment
	X
	
	
	
	
	

	3.3.2.1.1
	Environmental Cleanliness
	
	
	X
	
	
	4.2.2

	3.3.2.1.2
	Conditioning Gas Cleanliness
	
	
	X
	
	
	4.2.2

	3.3.2.2
	Launch Vehicle System Cleanliness
	
	
	X
	
	
	4.2.2

	3.3.2.3
	Material Selection
	
	
	X
	
	
	4.2.2

	3.3.2.4
	Spacecraft Contamination
	
	X
	
	
	
	4.2.1

	3.3.2.5
	Spacecraft Transport
	X
	
	
	
	
	

	3.3.2.5.1
	Spacecraft Protection
	
	
	X
	
	
	4.2.2

	3.3.2.5.2
	Transport Purge Gas
	
	
	X
	
	
	4.2.2

	3.3.2.6
	Forward Mass Flow
	X
	
	
	
	
	

	3.3.2.6.1
	Forward Mass Flow Prevention
	
	
	X
	
	
	4.2.2

	3.3.3
	Pressure
	X
	
	
	
	
	

	3.3.3.1
	Payload Compartment Venting
	X
	
	
	
	
	

	3.3.3.1.1
	Venting Pressure Differential
	
	X
	
	
	
	4.2.1

	3.3.3.1.2
	Venting Pressure Gradient
	
	X
	
	
	
	4.2.1

	3.3.3.2
	Dynamic Pressure
	
	X
	
	
	
	4.2.1

	3.3.4
	Launch Loads
	
	
	X
	
	
	4.2.2

	3.3.5
	Vibration
	X
	
	
	
	
	

	3.3.5.1
	Sinusoidal Vibration Levels
	
	X
	
	
	X
	4.2.1, 4.2.4.3

	3.3.5.2
	Random Vibration Environment
	
	X
	
	
	X
	4.2.1, 4.2.4.1

	3.3.6
	Acoustics
	X
	
	
	
	
	

	3.3.6.1
	Acoustic Pressure Levels
	
	
	
	
	X
	4.2.4.1

	3.3.7
	Shock
	X
	
	
	
	
	

	3.3.7.1
	Launch Vehicle Shock Spectrum
	
	
	
	
	X
	4.2.4.1

	3.3.5
	Electromagnetic Compatibility (EMC)
	
	X
	
	
	
	4.2.1

	3.3.5.1
	System EMI Safety Margins (EMISM)
	
	X
	
	
	
	4.2.1

	3.3.5.2
	Interface Electrical Bonding
	
	X
	
	
	
	4.2.1

	3.3.5.3
	Spacecraft/Launch Vehicle Interface Conducted Emissions EMC and Harnessing
	
	
	X
	
	
	4.2.1

	3.3.5.4
	Electromagnetic Environment
	X
	
	
	
	
	

	3.3.5.4.1
	Radiated Interference and Susceptibility
	
	X
	
	
	
	4.2.1

	3.3.5.4.2
	Conducted Interference
	
	X
	
	
	
	4.2.1

	3.3.5.4.3
	Launch Vehicle Radiated Emissions
	
	X
	
	
	
	4.2.1

	3.3.5.4.4
	Launch Complex RF Environment
	
	X
	
	
	
	4.2.1

	3.3.5.5
	Electrical Grounding and Isolation
	X
	
	
	
	
	

	3.3.5.5.1
	Spacecraft Single Point Ground
	
	
	X
	
	
	4.2.2

	3.3.5.5.2
	Interface Circuit Ground/Isolation
	
	
	X
	
	
	4.2.2

	3.3.5.6
	Lightning and P-Static Protection
	
	
	X
	
	
	4.2.2

	3.4
	Mission Design and Performance
	X
	
	
	
	
	

	3.4.1
	Mission Orbit Requirements
	X
	
	
	
	
	

	3.4.1.2
	Orbital Insertion Accuracies
	
	X
	
	
	
	4.2.1

	3.4.1.3
	Configuration, Performance, and Weight Status Reports
	
	
	X
	
	
	4.2.2

	3.4.1.1
	Launch Vehicle Performance
	
	X
	
	
	X
	4.2.1, 4.2.4.1

	3.4.2
	Launch Window
	
	X
	X
	
	
	4.2.1, 4.2.2

	3.4.2.1
	Injection Window
	
	X
	X
	
	X
	4.2.1, 4.2.2, 4.2.4.1

	3.4.2.2
	Launch Window Size
	X
	
	
	
	
	

	3.4.3.2.1
	Launch Window Size
	
	X
	X
	
	
	4.2.1, 4.2.2

	3.4.3.2.2
	Launch Window Selection
	
	X
	X
	
	
	4.2.1, 4.2.2

	3.4.4
	Separation Conditions
	X
	
	
	
	
	

	3.4.4.1
	Definition of Spacecraft Separation
	X
	
	
	
	
	

	3.4.4.2
	Separation Maneuvers and Sequence of Events
	X
	
	
	
	
	

	3.4.4.2.1
	Separation Sequence of Events
	
	X
	
	
	
	4.2.1

	3.4.4.2.2
	Separation Maneuvers
	X
	
	
	
	
	4.2.1

	3.4.4.2.2.1
	In-plane Separation
	
	X
	
	
	
	4.2.1

	3.4.4.2.2.2
	Attitude
	
	X
	
	
	
	4.2.1

	3.4.4.3
	Separation Command
	
	X
	
	
	X
	4.2.1, 4.2.4.3

	3.4.5
	Post-Separation
	X
	
	
	
	
	

	3.4.5.1
	Spacecraft Maneuvers
	
	X
	X
	
	
	4.2.1, 4.2.2

	3.4.5.2
	Launch Vehicle Maneuvers
	
	X
	X
	
	
	4.2.1, 4.2.2

	3.4.5.2.1
	Launch Vehicle Exhaust Product Exposure
	
	X
	X
	
	
	4.2.1, 4.2.2

	3.4.5.3
	Launch Vehicle Deorbit
	
	X
	X
	
	
	4.2.1, 4.2.2

	3.4.6
	Telemetry
	X
	
	
	
	
	

	3.4.6.1
	Coverage
	
	X
	X
	
	
	4.2.1, 4.2.2

	3.4.6.2
	Spacecraft Separation Orbital Parameter Message
	
	
	X
	
	X
	4.2.2, 4.2.4.1

	3.4.7
	Models
	X
	
	
	
	
	

	3.4.7.1
	Earth
	
	X
	X
	
	
	4.2.1, 4.2.2

	3.4.7.2
	Atmosphere
	
	X
	X
	
	
	4.2.1, 4.2.2

	3.5
	Ground Operations
	
	
	X
	
	
	4.2.2

	3.5.1
	Payload Processing Facility
	
	
	X
	
	
	4.2.2

	3.5.1.1
	PPF Configuration
	
	
	X
	
	
	4.2.2

	3.5.1.2
	Control Room
	
	
	X
	
	
	4.2.2

	3.5.1.3
	Office Space
	
	
	X
	
	
	4.2.2

	3.5.1.4
	Mechanical Services
	X
	
	
	
	
	

	3.5.1.4.1
	High Pressure Gases
	
	
	X
	
	
	4.2.2

	3.5.1.4.2
	Transportation Container
	
	
	X
	
	
	4.2.2

	3.5.1.4.3
	Blast Shield
	
	
	X
	
	
	4.2.2

	3.5.1.4.4
	Cold Storage
	
	
	X
	
	
	4.2.2

	3.5.1.5
	Electrical Services
	
	
	X
	
	
	4.2.2

	3.5.1.6
	Communications
	
	
	X
	
	
	4.2.2

	3.5.1.7
	Spacecraft Storage
	
	
	X
	
	
	4.2.2

	3.5.2
	Hazardous Processing Facility
	
	
	X
	
	
	4.2.2

	3.5.2.1
	HPF Configuration Room
	
	
	X
	
	
	4.2.2

	3.5.2.2
	HPF Control Room
	
	
	X
	
	
	4.2.2

	3.5.2.3
	Mechanical Services
	X
	
	
	
	
	

	3.5.2.3.1
	High Pressure Gases
	
	
	X
	
	
	4.2.2

	3.5.2.3.2
	Spacecraft Transportation Containers
	
	
	X
	
	
	4.2.2

	3.5.2.3.3
	Propellant Cart Servicing and Deservicing
	
	
	X
	
	
	4.2.2

	3.5.2.3.4
	Toxic Waste Disposal
	
	
	X
	
	
	4.2.2

	3.5.2.3.5
	Propellant Sampling
	
	
	X
	
	
	4.2.2

	3.5.2.3.6
	Spacecraft Weighing
	
	
	X
	
	
	4.2.2

	3.5.2.3.7
	Spacecraft Move
	
	
	X
	
	
	4.2.2

	3.5.2.3.8
	FAME Spacecraft/Adapter Mate.
	
	
	X
	
	
	4.2.2

	3.5.2.3.9
	Mating to the Launch Vehicle and Encapsulation
	
	
	X
	
	
	4.2.2

	3.5.2.4
	Electrical Services
	
	
	X
	
	
	4.2.2

	3.5.2.5
	Communications
	
	
	X
	
	
	4.2.2

	3.5.3
	Launch Complex
	X
	
	
	
	
	

	3.5.3.1
	Spacecraft Access
	
	
	X
	
	
	4.2.2

	3.5.3.2
	Blockhouse Access
	
	
	X
	
	
	4.2.2

	3.5.3.3
	FAME GSE Installation/Removal
	
	
	X
	
	
	4.2.2

	3.5.3.3
	Electrical Power
	X
	
	
	
	
	4.2.2

	3.5.3.3.1
	Power Requirements
	
	
	X
	
	
	4.2.2

	3.5.3.3.2
	AC Power Physical Interfaces
	
	
	X
	
	
	4.2.2

	3.5.3.3.3
	Back-up Electrical Power
	
	
	X
	
	
	4.2.2

	3.5.4
	Electrical Grounding
	X
	
	
	
	
	

	3.5.4.1
	Spacecraft Grounding
	X
	
	
	
	
	

	3.5.4.1.1
	Launch Complex Facility Ground
	
	
	X
	
	X
	4.2.2, 4.2.4.4

	3.5.4.1.2
	Ground Cable
	
	
	X
	
	X
	4.2.2, 4.2.4.4

	3.5.4.2
	Facility Grounds for Spacecraft GSE
	X
	
	
	
	
	

	3.5.4.2.1
	Earth-Referenced Ground Points
	
	
	X
	
	X
	4.2.2, 4.2.4.4

	3.5.4.2.2
	Grounding Cables
	
	
	X
	
	X
	4.2.2, 4.2.4.4

	3.5.4.3
	Personnel Grounding
	
	
	X
	
	
	4.2.2

	3.5.4.4
	Ground Continuity
	
	
	X
	
	X
	4.2.2, 4.2.4.4

	3.5.5
	Transportation
	X
	
	
	
	
	

	3.5.5.1
	Arrival and Departure Support
	
	
	X
	
	
	4.2.2

	3.5.5.1
	Transportation to the Launch Complex
	X
	
	
	
	
	

	3.5.5.2.1
	Transportation
	
	
	X
	
	
	4.2.2

	3.5.5.1.1
	Gas Purge
	
	
	X
	
	
	4.2.2

	3.5.5.1.2
	Transportation Permits, Escorts, and Coordination
	
	
	X
	
	
	4.2.2

	3.5.6
	Communications
	
	
	X
	
	
	4.2.2

	3.5.6.1
	Intercom
	
	
	X
	
	
	4.2.2

	3.5.6.2
	Countdown Clock
	
	
	X
	
	
	4.2.2

	3.5.6.3
	Closed Circuit TV
	
	
	X
	
	
	4.2.2

	3.5.6.4
	Copy Machines
	
	
	X
	
	
	4.2.2

	3.5.6.5
	Baseband Data Circuits
	
	
	X
	
	
	4.2.2

	3.5.6.6
	Data Circuit for Spacecraft Processing
	
	
	X
	
	X
	4.2.2, 4.2.4.1

	3.5.6.7
	Telemetry and Command Data Circuit
	
	
	X
	
	X
	4.2.2, 4.2.4.1

	3.5.6.8
	Public Address
	
	
	X
	
	
	4.2.2

	3.5.6.9
	Facsimile
	
	
	X
	
	
	4.2.2

	3.5.6.10
	Public Telephone
	
	
	X
	
	
	4.2.2

	3.5.6.11
	Explosion-Proof Telephones
	
	
	X
	
	
	4.2.2

	3.5.6.12
	Data and Video Links
	
	
	X
	
	X
	4.2.2, 4.2.4.1

	3.5.7
	Ground Operations Environment
	X
	
	
	
	
	

	3.5.7.1
	Transport
	X
	
	
	
	
	

	3.5.7.1.1
	Temperature and Humidity
	
	
	X
	
	
	4.2.2

	3.5.7.1.2
	Limit Loads
	
	
	X
	
	
	4.2.2

	3.5.7.1.3
	Wind Constraints
	
	X
	
	
	
	4.2.1

	3.5.8
	Security
	
	
	X
	
	
	4.2.2

	3.5.8.1
	Guard Requirements
	
	
	X
	
	
	4.2.2

	3.5.8.2
	Unique Security Requirements
	X
	
	
	
	
	

	3.5.8.1
	Controlled Access Areas
	
	
	X
	
	
	4.2.2

	3.5.8.2.2
	Controlled Access to Controlled Areas
	
	
	X
	
	
	4.2.2

	3.5.8.1.1
	CCTV Surveillance
	
	
	X
	
	
	4.2.2

	3.6
	Safety Requirements
	
	X
	
	
	
	4.2.1


5.0 preparation for delivery

5.1 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.

5.2 Marking.

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

5.3 Storage.

All GSE 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.

6.0 notes

6.1 Acronyms and Abbreviations.

	Acronym
	Definition

	AGE
	Aerospace Ground Equipment

	AGSE
	Aerospace Ground Support Equipment

	ASOC
	Advanced Spacecraft Operations Center

	CAM
	Collision Avoidance Maneuver

	CCAM
	Contamination and Collision Avoidance Maneuver

	CCTV
	Closed Circuit Television

	CDR
	Critical Design Review

	CE
	Conducted Emissions

	CG
	Center of Gravity

	CS
	Conducted Susceptibility

	EAGE
	Electrical Aerospace Ground Equipment

	ELSE
	Electrical Launch Support Equipment

	EMC
	Electromagnetic Compatibility

	EMI
	Electromagnetic Interference

	EMISM
	EMI Safety Margin

	ESD
	Electrostatic Device

	F.S.
	Factor of Safety

	FAME
	Full-sky Astrometric Mapping Explorer

	FTS
	Flight Termination System

	GOC
	Ground Operations Center

	GSE
	Ground Support Equipment

	HPF
	Hazardous Processing Facility

	Hz
	Hertz

	ICD
	Interface Control Document

	ID
	Interface Description

	IFD
	In-flight Disconnects

	kHz
	Kilohertz

	lb-sec
	pound-second

	LV
	Launch Vehicle

	MGSE
	Mechanical Ground Support Equipment

	MHz
	Megahertz

	MOI
	Moment of Inertia

	MSFC
	NASA Marshall Space Flight Center

	NASA
	National Aeronautics and Space Administration

	NEMA
	National Electrical Manufacturer’s Association (U.S.)

	NRZ-L
	Non-Return-to-Zero—Level

	N-s
	Newton-second

	PLF
	Payload Fairing

	PPF
	Payload Processing Facility

	PSD
	Power Spectral Density

	RAAN
	Right Ascension of the Ascending Node of the Orbit

	RCS
	Reaction Control Subsystem

	RDSS
	Radio-Determination Satellite Services

	RF
	Radio Frequency

	S/C
	Spacecraft

	TBD
	To Be Determined

	TBR
	To Be Reviewed

	TBS
	To Be Supplied


6.2 Requirements Status.

The data contained in this IRD represents the best current judgment of interface requirements to support FAME. They are intended to provide sufficient detail to allow procurement of the launch vehicles/launch services but must be considered as “Preliminary” for purposes of preparation of the S/C to LV Interface Control Document (ICD).

� Requirements define the required behavior of the Launch Vehicle. Requirements are specified herein as “shall” or “must” sentences. Statements of fact or acts of volition are specified herein as “will” sentences. Guidance on preferred, but non-mandatory solutions are specified as “should” sentences.
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