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Introduction

1.1 SIV Program Overview

The purpose of the Standard Interface Vehicle (SIV) program is to reliably and responsively provide affordable Space Test Program (STP) flight opportunities for small Department of Defense (DoD) space experiments while maintaining an emphasis on mission success.  The objective of the program is to develop from 1 to 6 Space Vehicles with a standard payload to spacecraft interface that is applicable for all SIV missions.

1.2 Document Scope

This technical requirements document (TRD) defines system-level and key subsystem performance requirements for the SIV.  This document includes requirements for the spacecraft (SC) design and fabrication, payload integration, Space Vehicle (SV) testing, launch vehicle (LV) integration, launch site testing, ascent and early orbit operations support (SV checkout and initialization), and one-year mission of operations support for the Space Vehicle.

This TRD also provides guidance regarding a standardized payload to spacecraft interface that will permit use of the same spacecraft with multiple payloads on multiple missions.  This document discusses the division of responsibility between the payload and spacecraft providers as well as common provisions for mechanical, thermal, power, and data interfaces that will be provided by the spacecraft.  The information provided in the TRD combined with a payload Mission Requirements Document (MRD) will serve as the foundation for mission specific interface control documents (ICDs) to be delivered for each SIV mission.  It is a requirement of the SIV program to develop detailed payload interface requirements to guide DoD experiment developers as they prepare instruments for potential SIV missions.

1.3 Terminology

SC refers to the spacecraft bus with no payloads. A payload is the space-borne hardware or software components of an experiment (e.g. instruments, booms, and antennas) supplied as Government Furnished Equipment (GFE) from STP or reimbursable customers.  The payload suite is the combination of all payloads on the mission.  The Space Vehicle (SV) is the SC integrated with the payload suite.  The SIV mission is managed by the Space Test Program (STP). The SIV Principal Investigators (PIs) are representatives from each experiment organization, leading the individual instrument development.

1.4 Applicable Documents

1.4.1 Standards and Specifications

MIL-STD-883F
Microcircuits (Test Method Standard)

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

MIL-STD-1547B
Electronic Parts, Materials, and Processes for Space and Launch Vehicles

MIL-STD-461E
Electromagnetic Emissions Susceptibility, Requirements for the Control of Electromagnetic Interference

MIL-STD-1541A
EMC Requirements for Space Systems

MIL-STD-1542B
EMC Grounding Requirements

MIL-STD-1543B
Reliability Program Requirements for Space and Launch Vehicles

MIL-STD-1809
Space Environment for USAF Space Vehicles

DOD-W-83575A
Space Vehicle Wiring Harness Design and Testing

EWR-127-1
Range Safety Requirements

MIL-STD-1811
Mass Properties Control for Space Vehicles

MIL-A-83577B
Moving Mechanical Assemblies Standard for Space and Launch Vehicles

NTIA #?
National Telecommunication and Information Administration (NTIA) Manual of Regulations and Procedures for Federal Radio Frequency Management, May 2003

SIS-000502C
Standardized Interface Specification Between Air Force Satellite Control Network (AFSCN) Network Operations Range Segment and SV

SMC-TR-04-17
Test Requirements for Launch, Upper-Stage, and Space Vehicles (Aerospace TR-2004(8583)-1 to be designated MIL-STD-1540E)

MIL-STD-1833
Test Requirements for Ground Equipment and Associated Computer Software Supporting Space Vehicles

DTC/03-05-07
Telemetry and Telecommand Data Specification (XTCE Spec.)

MIL-STD-973
Configuration Management

AFPAM 63-1701
Program Protection Planning

DoD C-5200.5
Communication Security (COMSEC)

EIA/IEEE J-STD-
Information Technology Software Life Cycle Process

    016-1995 (Interim Std)
Software Development Acquirer-Supplier Agreement (tailored)

1.4.2 Guidance Documents

MIL-HDBK-340A
Application Guidelines for MIL-STD-1540

MIL-HDBK-217F
Reliability Prediction for Electronic Equipment

ASTM E1548-04
Standard Practice for Preparation of Aerospace Contamination Control Plans

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

ASTM E595
Total Mass Loss and Collected Volatile Condensable Material from Outgassing in a Vacuum Environment

AIAA/ANSI R-0020A-1999
Recommended Practices for Mass Properties Control for Satellites, Missiles & Launch Vehicles

AIAA/ANSI G-020-1992
Estimating and Budgeting Weight and Power Contingencies for Space Systems

SMC H800 Series
SMC Engineering Practices Handbook (10 January 1996)

ESPA User’s Guide v2.0
Requirements to fly on the EELV Secondary Payload Adapter (ESPA), August 2005

MIL-STD-1553B
Aircraft Internal Time Division Command/Response Multiplex Data Bus

USCINCSPACE PD 10-39
Satellite Disposal Procedures (1 February 2001).

SEI CMMI
Capability Maturity Model Integration

2. System Definition

The overall SIV program consists of the SIV SV, Launch Vehicle (LV), and Ground Segment.  The SIV mission operations will utilize the Air Force Satellite Control Network (AFSCN) and the Research, Development, Test and Evaluation (RDT&E) Support Complex (RSC) at Kirtland Air Force Base.  The Launch Vehicle will be supplied as GFE and will conform to the environments and interfaces specified in this TRD.  The SV will consist of a payload suite and SC as defined in Section 1.3.

2.1 SIV Mission Applicability

The SC shall support the government furnished payloads by meeting the requirements defined in this Technical Requirements Document (TRD).  The SV will be delivered to its mission orbit by the LV without assistance from SV propulsion.  The SV shall be designed for an orbit with an apogee and perigee between 400 – 800 km and an inclination between 40 – 98 deg.  The mass of the SV, including the entire separation system, shall not exceed 180 kg.  The static volume envelope of the SV, including the entire separation system, shall not exceed 60.9 cm x 76.2 cm x 96.5 cm (TBR) as defined in the ESPA User’s Guide Version 2, Figure 6. The SV shall conform to STP End of Life Policy as directed in United States Space Command Policy Directive 10-39, 1 February 2001.

2.2 Interface Design

2.2.1 SV to LV Interface

2.2.1.1 Mechanical Interface

The SV separation system shall be designed to conform to the ESPA Secondary Standard Interface Plane (SSIP) as defined in the ESPA Secondary Payload User’s Guide illustrated in Figure 1.  This interface consists of a ring with a diameter of 38.1 cm (15 inches) from the SSIP center to bolt-hole center as shown.  The bolt pattern consists of 24 - #10 holes spaced every 15 degrees around the ring.

2.2.1.2 Electrical Interface

TBD

2.2.2 SV to RSC Interface

The SV Telemetry, Tracking, and Command (TT&C) subsystem shall be compatible with the Air Force Satellite Control Network (AFSCN) Remote Tracking Stations in accordance with Standard Interface Specification 000502 (SIS-502). Interface specification for the RSC (TBD).

2.2.3 SC to Payload Interface

The SIV SC to payload interface shall meet the requirements specified in TRD Section 3.1.  The SC to payload interface shall include provisions for mechanical, thermal, power, and data for the support of instrument suites.  The SC shall provide a means for dividing the total resources to the payload suite between three distinct payloads.
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Figure 1. ESPA Secondary Standard Interface Plane (all dimensions in inches)

3. Space Vehicle Requirements

3.1 Standard Payload Interface

3.1.1 Mechanical Interface

The SC mechanical interface to the payloads shall provide mechanical support, and alignment with respect to the SC attitude reference for all experiments in the payload suite.  Mechanical support shall be provided to attach and secure the payloads to the SC in compliance with MIL-A-83577B Section 3.2.11.  The SC shall be capable of supporting no less than 60 kg total of payload hardware under all expected loading conditions. For conservative analysis, it shall be assumed that the payload suite center of mass is located 96.5 cm from the LV interface plane in the direction normal to the interface plane in the worst case when assessing structural strength margins.  The SC shall not interfere with payload fields of view from external mounting locations in the nadir or ram directions for the nominal flight attitude. The SC shall provide a means for aligning all instruments in the payload suite to within 0.01 deg (TBR) (3  in all axes) with respect to the SC attitude reference.

3.1.2 Thermal Interface 

The SC shall provide a means for transporting heat to and from all experiments within the bounds described in this section in order to maintain acceptable operating and survival temperature limits during all mission phases.  The SC shall be capable of transporting from the payload suite a maximum heat flux of 100 W at the SC to payload interface.  The SC shall supply heater power  to each instrument, but this will count toward the total payload suite power allocation and will not exceed the limits specified in Section 3.1.3.  The SC shall not exceed (TBD) W heat conduction from the SC to the payload suite.  The SC shall monitor the payload bulk temperatures at the SC to payload interface and shall provide this data to each payload and in SC telemetry.  The payload bulk temperatures, as measured from the payload outer surface, will be monitored by each payload and will be provided to the SC.  (TBR)

3.1.3 Power Interface 

The SC shall supply an orbit average power (OAP) of not less than 100 W total through end of life (EOL) for all SIV experiments, in total, under nominal mission operations and not less than 25 W OAP during all other times for payload survival.  The SC shall provide not less than nine switchable 28 V +/- 6V power lines for experiments capable of up to 4.5 amperes of current (TBR).  The SC shall monitor voltage and current on instrument switched power with eight bit resolution and shall report these values in SC telemetry.  The SC shall be capable of automatically shutting off power to any instrument if the current exceeds a pre-specified limit using two types of over current protection.  The SC shall provide primary over current protection via resettable circuit breakers capable of employing over current set points from 1 to 4 amperes in 0.5 ampere increments (TBR) that are enabled or disabled by software through ground command.  As a backup to circuit breaker protection, the SC shall employ fuses to provide over current protection to all instrument power lines rated at 2 times the nominal current draw. (TBR)  Duty cycle scenarios will be chosen in cooperation between the SIV contractor, experiment PIs, and STP on a preliminary basis during design, and will be coordinated on a monthly (TBR) frequency after on-orbit characterization of the SC power generation capacity. The SC design shall provide a common, single-point ground for all SV electrical elements and for each of the experiments.

3.1.4 Data Interface

The SC shall support analog, discrete and serial RS-422 digital interfaces to the payloads.  All interfaces shall be capable of supporting at least three payloads.  Interfaces shall be capable of operating at maximum capability simultaneously without degradation or interaction.  Simultaneous operation of all supported interfaces shall not impact the SC or any of the payloads under any nominal operating condition.

The SC shall be capable of providing a minimum of 8 analog outputs from each payload to the SC.  These outputs shall be capable of being sampled at least once per second.  Each analog output shall be capable of being resolved to a resolution of at least 12 bits.  The SC shall be capable of time tagging each analog output separately to an accuracy of at least 100 msec.

The SC shall provide a minimum of seven input bi-level discrete signals to each payload.  The SC shall provide a minimum of six discrete output bi-level discrete signals from each payload to the SC.  All discrete signals from the SC to each payload shall be capable of transmission within 100 msec of the intended transmission time.  The SC shall support time tagging for both input and output discrete signals to a minimum accuracy of 100 msec.  The SC shall be capable of separately time tagging each discrete signal.

The SC shall provide one RS-422 serial digital interface for each individual experiment.   The SC shall provide for data transfer capability at a sustained rate of not less than 200 kbps.  The sustained data rate shall be supported at all times during nominal operations.  Experiments will be responsible for buffering data to maintain data rates at or below the SC supported rate.  The SC shall be the controller.  Appropriate handshaking shall be defined in accordance with the needs of the individual payloads.  The SC shall detect and appropriately respond to communication faults with the payloads.  At a minimum these faults shall include interface failure and invalid message.  The SC shall communicate with the payload at least once per second, when the payload is active.  The SC shall be capable of time tagging each message from the payload to an accuracy of at least 100 msec.

The SC shall be capable of transferring data from the ground to the appropriate payload via the RS-422 interface.  The SC shall convert the transferred data from uplink format to the format specified in the payload ICD.  The SC shall convert the data from the payload to the appropriate format for on-board storage or downlink as necessary.  There is no requirement for the SC to interpret payload commands or data.  There is no requirement for the SC to inject SC data into the payload data stream.  The SC shall support the capability to transfer SC data as described in Sections 3.2.2, 3.2.3, and 3.2.4 (e.g. time or position) to the experiments.  Formatting of the SC data to the individual experiments shall be governed by the experiment to SC ICD.  Processing of the RS-422 data streams shall not impact the SC or any of the experiments under any nominal operating condition.

Payload side connectors will be determined by agreement between experiment PI, SIV contractor, and STP as documented in the individual experiment to spacecraft ICDs.

3.2 Spacecraft

All SC hardware, software, and Ground Support Equipment (GSE) shall be designed to meet applicable operational, reliability, environmental, and safety and health requirements.  The SC design shall use proven techniques with sufficient reliability to meet the requirements of TRD Section 3.2.1.  The SC design shall incorporate adequate safety margins that are consistent with maximum SIV payload allotments and consistent with the SV testing approach.  SIV mass and power growth contingencies shall be consistent with program maturity as guided by AIAA/ANSI R-0020A-1999 for mass and AIAA/ANSI G-020-1992 for power.  The SV testing shall demonstrate the adequacy of the design in a method consistent with MIL-STD-1540E.  The SC shall follow a proto-qualification testing program at a minimum, consistent with guidance in MIL-STD-1540E.  

3.2.1 SC Reliability

Successful operation of the SC is defined as satisfying all the requirements specified in Section 3 of this document.  The SC shall be designed for a mission life of 1 year (365 days) after a checkout and initialization period of 1 month where the projected SC reliability is not less than 0.9 at 6 months from checkout as determined using the Parts Count method from MIL-HDBK-217F, Appendix A.  This reliability estimate is not required to include GFE.  

3.2.2 Attitude Determination and Control

3.2.2.1 Attitude Determination and Attitude Data Requirements

SV attitude knowledge shall be provided to +/- 0.03 deg (3 ) accuracy in all axes, including all sources of alignment error, for safe and successful spacecraft operation through end of life and also sufficient to support the attitude requirements of the payload.  The SC shall collect raw attitude data and include it in real-time State of Health (SOH) and recorded payload telemetry sent to the ground.  The SC shall be capable of sending SV attitude data to each experiment in (TBD) form at a frequency of (TBD) Hz.

3.2.2.2 Attitude Control Requirements

SV attitude control shall be provided to +/- 0.1 deg (3 ) in all axes during normal mission operations through end of life.  The SV shall maintain low frequency (drift) attitude stability to within 0.003 deg/sec during normal mission operations.  High frequency motion (jitter) shall be held to within 0.03 deg amplitude for frequencies between 1 to 25 Hz (TBR).  The SV shall be capable of autonomously acquiring a safe mission attitude upon separation from the launch vehicle.  If the SV becomes disoriented or loses normal mission attitude at any time in the mission, it shall either autonomously acquire and hold a safe attitude and power positive condition until it can be ground commanded to return to the normal mission attitude, or it shall autonomously reacquire the normal mission attitude without damage to the vehicle.

3.2.3 Flight Software

3.2.3.1 On-board Flight Software

3.2.3.1.1 Command Execution

The on-board SC software shall be capable of executing stored commands.  The software shall be capable of timing command execution to within 1 second.

3.2.3.1.2 Time Synchronization

The SC shall maintain an on-board time reference to within 100 ms with respect to UTC and shall provide this data at least once per second to each experiment.

3.2.3.1.3 Processor Loading

SC software processor loading (including process execution, interrupt and interface handling) shall not exceed 50% (TBR) of the processor capability.
3.2.3.1.4 Software Upload Capability

The on-board SC software shall be capable of being modified on orbit through ground command.  This shall include the capability to update a specific memory address.

3.2.3.2 Ground Software

3.2.3.2.1 Command and Telemetry Databases

SC command and telemetry databases shall be compatible with existing RSC systems and shall be configuration controlled. 

3.2.3.3 Software Testing and Documentation

SC software deficiencies found in ground testing shall be corrected before Space Vehicle launch base compatibility testing. Deficiencies found during initialization and checkout shall be corrected before first year operations begin.

3.2.3.3.1 Spacecraft Data Simulator

A SC data simulator (“Flatsat”) shall be provided that emulates the SC to payload and SV to Ground Segment data interfaces and can determine the validity of responses for multiple SIV missions.  The data simulator shall be of sufficient granularity to verify data, command, and telemetry interfaces, and compatibility of the GFE experiments with the spacecraft.  The data simulator shall be capable of being used for rehearsals and exercises.

3.2.4 Telemetry, Tracking, and Commanding

3.2.4.1 Telemetry

The SC Telemetry, Tracking, and Commanding (TT&C) subsystem shall provide a SGLS 2 Mbps Space Vehicle data downlink capability with framed data stream compatible with the AFSCN and RSC in accordance with SIS-000502C.  SV State of Health (SOH) data shall be downlinked at all times when the SV is transmitting telemetry data.  This SOH data stream shall include all necessary SV status and engineering data to fully determine the current condition of the vehicle in real-time, included in the 2Mbps downlink.  The SV telemetry streams shall be fixed length frames not exceeding 1024 bytes.

3.2.4.2 Tracking and Ephemeris

The SV shall have main carrier PRN ranging capabilities compatible with the AFSCN as specified in SIS-000502.  The SC shall have an on-board GPS receiver to ensure an ephemeris to within 10 km real-time (3 in all axes) is maintained and 1 km post-processed (3 in all axes) when combined with ground based PRN ranging data. (TBR)

3.2.4.3 Commanding

The SC shall have a 2 kbps command uplink (receipt) capability that is compatible with the AFSCN and RSC in accordance with SIS-000502C.  

3.2.4.4 Link Margin and Data Quality Requirements

SV telemetry link performance shall be equal to or greater than that required for a 10-6 bit error rate (BER) for uplink and downlink between the SV and RSC with a minimum link margin of 4 dB (TBR) for all applicable conditions and telemetry modes.  

3.2.4.5 Encryption Requirements

The SV command uplink and data telemetry downlink shall be encrypted per National Security Agency (NSA) guidelines.  The uplink shall utilize the CARDHOLDER algorithm.  All SV downlinks shall utilize the PEGASUS algorithm.  Government Furnished Equipment (GFE) encryption/decryption equipment will be made available to be integrated with the contractor's command and control (Ground Support Equipment) GSE.  Appropriate keying material shall be integrated with the contractor's command and control GSE and flight hardware.

3.2.5 Command and Data Handling

3.2.5.1 Spacecraft Command Requirements

The SC shall provide command and data handling (C&DH) capabilities utilizing a digital data bus for interface of the SV subsystem hardware.  The C&DH subsystem shall be responsible for command decryption, verification, execution and storage.  Real time commands shall be immediately executed or directed to the appropriate interface.  Stored commands shall be placed in command storage and executed to within 1 second of the designated time.  Executed commands shall be reported in the telemetry stream.  If an error is detected in a command data file, the SC shall keep the data and pass it without comment to the ground.

3.2.5.2 Spacecraft Data Storage Requirements

The SC shall contain sufficient on-board memory to store at least 5.76 Gbits of payload data and sufficient on-board memory for spacecraft attitude data and other SV data necessary for determining the health, status, and operation of the system during a 48-hour period.  Total SC on-board storage capabilities shall include a 100% margin.

3.2.5.3 Payload Data Handling

3.2.5.3.1 Payload Data Latency

The SC shall be capable of transmitting payload data within 24 hours (TBR) of collection. Transmitted data shall include spacecraft health and status, timing, attitude, and ephemeris data. 

3.2.5.3.2 Payload Data Quality and Retransmission

The SC and payload data bit error rate shall not exceed 10-5 over the life of the mission.  The data (spacecraft and payload data) shall be framed such that a single bit error will not be amplified to greater than 8192 (TBR) lost data bits.  The download data may be subject to data dropouts of up to 5 seconds.  The SC shall provide the capability to retransmit data (on request) to the ground.  Minimum retransmission data size shall be less than or equal to 1 frame.  The maximum age of SC and experiment data to be retransmitted shall be less than or equal to 48 hours.  The SC shall be capable of buffering up to 48 hours of data in the event of a temporary (48 hour) loss of contact.

3.2.6 Electrical Power

The SC shall supply power to the payloads as described in Section 3.1.3. for 1 year (365 days) after launch and initial checkout. Payload duty cycle scenarios will be chosen in cooperation between the SC contractor, experiment PIs, and STP on a preliminary basis during design, and will be coordinated on a monthly (TBR) frequency after on-orbit characterization of the SC power generation capacity. The SC shall provide for automatic dropout (shedding) of payload and bus nonessential loads under low voltage and over-current conditions.

3.2.6.1 SC Bus Power Supply

3.2.6.2 Voltage

The SC shall supply a nominal bus voltage of 28 V +/- 6V DC.  The SC shall monitor bus voltage and shall report this value as part of normal SC telemetry.

3.2.6.3 Current

The SC shall supply electronic over current protection for all loads except the C&DH subsystem and TT&C receiver.  The SC shall provide backup over current protection using fuses for all loads except the C&DH subsystem. (TBR)

3.2.6.4 Grounding

The SC design shall provide a common, single-point ground for all SV electrical elements. 

3.2.7 Cabling and Harness

The SC shall be responsible for the power and data harness and the connectors to each payload element that requires main bus power.  Payload side connectors will be determined in consultation with the experiment PIs and STP as documented in the SC to payload ICDs.  The SC shall also provide power and data interface connections to the deployable payload elements.  All payload and SC wiring harnesses shall be designed in accordance with DOD-W-83575A.  

3.2.8 Thermal Control

The Thermal Control Subsystem shall maintain and control the temperatures of the SC within required operational and survival during ground handling, shipping, testing, launch, and all on-orbit mission phases for all orbital conditions specified in Section 2.1.  The SC shall provide thermal interface provisions specified in Section 3.1.2.

3.2.9 Structure and Mechanisms

The SC structure and mechanisms shall be designed and verified to withstand the static and dynamic stresses, strains, shocks, vibrations, and temperature, pressure, and vibro-acoustic environments associated with assembly, integration, test, shipping, handling, storage, launch, and on orbit operations.  The SV shall fit within the static envelope specified in Section 2.1.  The SV shall be capable of surviving and subsequently operating as specified after all mechanical environmental exposures. Structural testing of the first SIV shall include a structure subsystem qualification test using an engineering development unit structure and payload mass simulators that utilize the worst case SIV payload suite mass and center of gravity location as specified in this TRD Section 3.1.1.  Launch loads and vibro-acoustic environments for design of all SVs and qualification of the first SV structure subsystem shall be those defined in this section.  Launch loads for the purposes of protoqualification verification testing for all SVs will be developed by the LV provider on a mission specific basis based on an analysis of the integrated payload stack and launch vehicle ascent.

3.2.9.1 Quasi-static Loads

Acceleration load factors (not including factors of safety) are 8.5 g’s launch vehicle axial direction and 8.5 g’s launch vehicle lateral direction applied simultaneously or as an alternate, 12 g’s applied individually in each axis may be used. These loads should be applied at the c.g. of the SV using the maximum payload mass as specified in Section 3.1.1. (TBR) Individual components shall be designed to withstand the acceleration loads specified in a mass acceleration curve to be provided by STP.

3.2.9.2 Random Vibration

The SV shall be designed to withstand to +6dB (qualification level) the random vibration environment specified (at acceptance level) in Table 1 with the maximum payload mass as specified in Section 3.1.1.  The SC components shall be designed to withstand +6 dB (qualification level) the random vibration environment specified (at acceptance level) in MIL-STD-1540E Section 6.3.5.

Table 1: SIV Vehicle Design Random Vibration Environment (Acceptance Level)

	Frequency
	PSD

	(Hz)
	(g2/Hz)

	20
	0.005

	100
	0.03

	800
	0.03

	2000
	0.005

	Overall (grms)
	6.13


(TBR)

3.2.9.3 Acoustics

Satisfaction of launch acoustic environment shall be performed using vibration testing provided the SV does not exceed the size envelope limits specified in Section 2.1. (TBR) 

3.2.9.4 Shock

The maximum predicted mechanical shock environment will be provided on a mission specific basis.  Shock testing shall be performed in accordance with MIL-STD-1540E, Section 8.3.4., using a protqualification approach. (TBR)

3.2.9.5 Strength

The SV shall be designed to withstand all environments specified in Section 3.2.9.1.  Individual components shall be designed to withstand the acceleration loads specified in the mass-acceleration curve (TBD) provided in Figure XX.

3.2.9.6 SV Frequency

The SV including the separation system shall be designed with a minimum first fundamental frequency of 35 Hz in both the LV axial and lateral directions when supporting the maximum payload mass. (TBR)

3.2.9.7 Payload Mounting Provisions

The SC shall provide a volume allotment for a total payload volume not to less than 0.12 m3.  The SC shall provide a standard mounting grid described in a specification to be included as part of the payload to SC ICDs.  Payload mounting surfaces shall provide unobstructed fields of view as specified in Section 3.1.1.

3.2.9.8 Fastened Joints

Fastened joints shall be designed in accordance with MIL-A-83577B.  All fastened joints shall use locking hardware unless otherwise approved by STP. (TBR)

3.2.9.9 Mass Properties

The SV mass properties shall be as follows: mass ( 180 kg; c.g. ( 50 cm from bolted interface 1.27cm diameter excursion about SV centerline. 

3.2.9.10 Corrosion Resistance

All materials used in the construction of the SV shall be corrosion resistant per guidelines in MIL-STD-1568B. (TBR)

3.2.9.11 Mechanism Design

All SC mechanisms shall be designed in accordance with MIL-A-83577B unless otherwise approved by STP.  Debris resulting from any moving mechanical assemblies shall be contained.

3.3 Launch Vehicle Separation System

The spacecraft design shall include a separation system.  The mass and volume of the separation system shall be accounted for in the allowable SV envelope and mass as stated in Sections 2.1.  The separation system shall provide for both electrical and mechanical interface separations and separation verification, and shall be compatible with the LV and ESPA.  The separation system shall be capable of providing a safe separation from the LV including means to prevent premature separation.

3.3.1 Separation System Mechanisms

The separation system shall accommodate the stayout zone illustrated in Figure (TBD) of the ESPA Secondary Payload User’s Guide.  Debris resulting from all separations shall be contained.

3.3.2 Separation System Harness

TBD

3.4 Space Vehicle Integration, Assembly, and Testing

3.4.1 Materials, Processes, and Parts

The SC shall use a minimum of Class B parts (as defined in MIL-STD-1547-B) or better throughout unless otherwise approved by STP.  Any instances of commercial parts usage shall require a formal part upscreening process approved by STP.

3.4.2 Electromagnetic Interference and Control

3.4.2.1 Allowable Emissions and Susceptibility

The SC contractor shall maintain conducted and radiated emissions and susceptibility within limits set by MIL-STD-461E.  All tailoring of this standard will require approval by STP.

3.4.2.2 Grounding

EMC grounding practices shall be maintained in accordance with MIL-STD-1542B.
3.4.2.3 Bonding

TBD
3.4.2.4 Space Vehicle Compatibility Testing

TBD
3.4.3 Contamination Control

3.4.3.1 Material Selection

All materials used in the construction of the SV shall be low outgassing with < 1% Total Mass Loss (TML) and < 0.1% Collected Volatile Condensable Material (CVCM) per ASTM E595.  (TBR)

3.4.3.2 Particulate Contamination

(TBD)

3.4.3.3 Venting Provisions

SC venting area shall be provided for outgassing of internal SC and payload hardware.

3.4.3.4 Handling and Cleanroom Standards

Up until integration of any payload, the SC contractor shall provide an appropriate level of cleanliness for the spacecraft and all applicable components. Upon integration of payload instruments and up until launch, the contractor shall control the SV and its payloads to at least a cleanliness environment of class 100,000 level, as defined in FED-STD-209E, and shall implement a contamination control program to minimize the risk of contamination of the payloads.

3.4.4 Spacecraft Development and Component Testing

SC/SV structural and thermal testing shall validate models used for design and analysis, and to justify the flight qualification status of the vehicle per MIL-STD-1540E.  Experiment mass models and models of all deployable structures are to be used, as applicable.  The experiment PIs will provide experiment mass models as required.  Tests of mechanisms shall verify non-interference, proper lubrication, and adequate torque margins.  SC mechanisms shall be designed for testing in 1G unless otherwise approved by STP.  Motor driven covers shall be tested under thermal and vacuum conditions unless otherwise approved by STP.  

3.4.4.1 Spacecraft Development and Component Testing

Where identical spacecraft units and components have been previously qualified to at least flight qualification requirements and successfully flown, they may be accepted for space flight upon delivery to and acceptance by the government (STP) based on documentation of their qualification status. MIL-HDBK-340A, Vol. II, Section 4.4 shall be used to determine unit qualification status and to determine criteria for qualification by similarity.  In the case of qualification by similarity, flight units shall be subject to acceptance testing per section 7.4 of MIL-HDBK 340A, Vol. I.  Units without previous higher qualification or successful flight demonstration shall be subject to protoqualification per section 8.3.3 of MIL-HDBK 340A, Vol. I.  Unit-level EMC testing shall be conducted to verify satisfaction of requirements in Section 3.4.2. unless previous unit level test data is available.  Leakage, Climatic, Proof Pressure, and Burst testing is not required unless the SC contains a propulsion system or other pressurized systems or devices.  Life test qualification of components may be demonstrated by a combination of analysis, test, and previous qualification history as approved by STP.  Acceleration qualification of antennas and deployables may also be demonstrated by a combination of analysis, test, and previous flight history with approval from STP.

3.4.4.2 Payload Integration

The SC (without payloads) shall be subjected to and successfully pass thorough functional testing prior to integration of the experiments.

3.4.5 Space Vehicle Environmental Testing

The SV verification effort shall be conducted in accordance with MIL-STD-1540E.  The verification program shall use the appropriate inspection, demonstration, test, and analysis techniques to verify all requirements.  Tailoring shall be in accordance with the guidance in MIL-HDBK-340A for a Class C spacecraft at a minimum and consistent with the SIV technical requirements where the TRD takes precedence.

SV testing shall be using the protoqualification method of section 8.3 of MIL-HDBK 340A, Vol. I.  This testing shall verify, at a minimum, the capability of the SV to survive shock, vibration, acceleration, and thermal vacuum.  Pressure and leakage tests are not required unless the vehicle contains a propulsion system or other pressurized subsystems or components.  EMI/EMC testing shall be performed in accordance with the mission requirements.  SV thermal vacuum testing shall include a minimum of eight (TBR) cycles with full functional tests conducted at the high and low extremes of the first and last cycles.  The last three (TBR) cycles shall be anomaly free.  Simulated operations representative of the mission activities and scenarios, including typical commanding, tracking, and telemetry contacts, shall be conducted during the thermal vacuum testing.  Simulated operations shall include testing of all orbital phases when the SV is on. Test reports for all major test events (as defined in the System Test Plan) shall be provided.

3.4.6 RF and Ground Segment Compatibility Testing

The SIV contractor shall perform planning for, support, and participate in the conduct of SGLS TT&C spacecraft factory and launch base compatibility testing to demonstrate the compatibility of the spacecraft with the AFSCN and RSC.  These contractor-supported tests shall include “end-to-end” communications tests.  These tests shall exercise typical data flow including commanding, payload data collection, spacecraft processing, and data downlink operations. Government deployable equipment will be made available to support these tests.  Planning and support shall include devising test objectives and requirements, developing procedures, reviewing pass plans and procedures, resolving SV anomalies and discrepancies, and recording the results of the tests.

3.4.7 Week in the Life Testing

TBD

3.4.8 Test Facilities

TBD

3.4.9 Ground Support Equipment

The SIV contractor shall provide sufficient GSE to perform the functions required to: inspect, test, operate, evaluate, calibrate, measure, assemble, disassemble, handle, transport, safeguard, store, service, repair, and maintain the SV during all phases of ground operations at the contractor’s facilities, test sites, and launch site.  If appropriate, the contractor shall also identify support equipment to be provided by the PIs to support the instruments.  GSE hardware provided by the SC contractor and PIs must conform to MIL-STD-1833 unless otherwise approved by STP.

4. Storage

The SV shall be capable of being stored for up to 24 (TBR) months without intervention while awaiting launch and be ready for transport to launch site no more than 6 months after authority to proceed.

5. Launch Vehicle Integration Requirements

5.1 Space Vehicle to Launch Vehicle Integration

The SIV contractor shall define procedures and associated contingencies for integrating the Space Vehicle into the Launch Vehicle (LV).  The contractor shall deliver all SV procedures to STP 30 (TBR) days prior to first use.  STP and the experiment PIs will have the option of observing these procedures as they are performed.

5.2 Launch Pad Testing and Battery Charging

The SV shall be in a safe condition at all times prior to launch and during all LV operations.  All launch site operations shall be compliant with the required range safety documents.  All ground operations shall meet the requirements of EWR 127-1 as applicable to the launch site. The contractor shall provide SV safety documentation.

6. Flight Operations Support Requirements

6.1 Launch and Early Orbit Operations

The SV shall be capable of being launched in an unpowered state.  The SV shall be required to maintain autonomous operation in a safe hold for a 48-hour (TBR) period of time after orbit insertion.
6.2 Nominal Flight Operations

The SV shall be able to go into safe hold mode under anomalous conditions and survive ~ 7 days].

7. Supplementary Information

The information provided in this Section includes clarification of the preceding SIV technical requirements.  Items discussed in this section will require negotiation between the SIV contractor and STP after determination of the mission payload suite and after contract award.

7.1 Payload Interface Adapter Equipment

It is recognized that all SIV experiments may not meet the standard SC to payload interface due to heritage designs, oversight, or if a conflict with another experiment is discovered.  Upon identification of a non-conformance to the SC to payload interface, STP may request custom interface adapter equipment to bring an existing experiment interface design into conformance with the SIV standard SC to payload interface.  Mass and power utilized by the experiment interface adapter equipment will be included as part of the experiment not to exceed limits established in this TRD.

Appendix A – Technical Requirements Summary Table
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S/C Value

P/L Value (Combined)

Orbit Altitude

400 - 800 km

Orbit Inclination

40 - 98 deg

SV Lifetime

NLT 1 year

Reliability @ 7 months (1 month checkout + 6 

months ops)

NLT 0.9

SV Launch Mass

NTE 180 kg

SV Volume Envelope

NTE 60.9 cm x 76.2 cm x 96.5 cm (reference ESPA User's 

Guide Version 2)

Launch Vehicle(s)

Delta IV (ESPA), Atlas V (ESPA), Minotaur, Peacekeeper

Mission Class

C minimum

Initial Launch Capability (1st unit)

No Later Than 36 months after ATP

Payload Accomodations

Payload Mass

NLT 60 kg capacity

NTE 60 kg

Payload Orbit Ave. Power

NLT 100 W OAP capacity at worst case during mission

NTE 100 W OAP

Payload Volume

NLT 0.12 m^3 capacity

NTE 0.12 m^3 (stowed)

Payload Field of Regard

Unobstructed view from payload external deck

Nadir, ram, or limb pointing (field of regard < 2

p 

steradian)

Payload Data Handling

NLT 200 kbps capacity

NTE 200 kbps to S/C C&DH subsystem

Payload Data Storage

NLT 5.76 Gbits capacity

NTE 5.76 Gbits demand from S/C (total for all payloads 

covering 48 hour period)

Payload Data Downlink

NLT 2.88 Gbits per day 

capacity

NTE 2.88 Gbits per day demand from S/C

Payload Digital Command/Data Interface

RS-422 Serial Telemetry & Command

, Bi-Level discrete 

output

RS-422 Serial Telemetry & Command, Bi-Level discrete 

input

Payload Analog Data Interface

NLT 24 analog channels (0-5 V) available for P/L health and 

status

NTE 24 total analog telemetry channels at 0 - 5 V

Ease of mounting and demounting

Provide NLT 0.4 m^2 P/L mounting area

Mount P/L directly to standard grid or using custom 

interface plate to mount to grid

Antennae & Deployables

All deployable systems designed in accordance with MIL-A-

83577B

All deployable systems designed in accordance with MIL-

A-83577B

EMI/EMC

MIL-STD-461C, MIL-STD-1541A

MIL-STD-461C, MIL-STD-1541A

Material Selection

Low outgassing materials (< 1% TML, < 0.1% CVCM)

Low outgassing materials (< 1% TML, < 0.1% CVCM)

Facility Cleanliness

Class 100,000 Environment or better

Attitude and Orbit Control

Stabilization Method

3-axis

Pointing Modes

Nadir, Sun Pointing, Safe

Attitude Knowledge

NTE 0.03 deg (3 sigma)

Attitude Control

NTE 0.1 deg (3 sigma)

Pointing Stability

NTE 0.003 deg/sec drift

Jitter

0.03 deg amplitude

Orbit Knowledge

NTE 10 km real-time, 1 km post-processed (3 sigma)

GPS Required

Yes

Telemetry and Commanding

Telemetry and Command Message Format

SGLS RF protocol with framed data stream

Communication Frequency Band

L-Band uplink, S-Band downlink

Command Rate

2 kbps ternary

Telemetry Rate

2 Mbps

Antenna Coverage

Omnidirectional

Structure and Mechanisms

C.G. Location

< 48 cm from bolted I/F with payload, radial offset TBD

Static Load

8.5 g's axial (Z-axis), 8.5 g's lateral (X-axis, Y-axis) applied 

simultaneously or 12 g's applied individually in each axis 

[does not include safety factor]

Maximum load according to mass acceleration curve to 

be provided

Random Vibration

Spectrum provided in TRD

MIL-STD-1540C unit level minimum random vibration 

specification + 6dB

First Fundamental Frequency

> 35 Hz axial and 35 Hz lateral

Electrical Power

Bus Voltage

28 V +/- 6V DC

Thermal Control

Payload Heat Rejection

100 W (1 active payload) + 50 W (2 idle payloads)

Software

Command Execution Accuracy

+/- 1 sec

Software Uploads

Yes

Timing Accuracy

10 ms synch to UTC

Data Encryption

Yes

Stored Command Execution

Yes
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