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The purpose of this document is to concisely present the safety and assurance requirements that are necessary for the ST-5 Project.  These requirements shall be incorporated into the ST-5 developer contract documents.
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Overview

This Systems Safety and Mission Assurance Program (SSMAP) defines the safety, reliability and quality assurance requirements for the ST-5 mission for flight hardware, software and ground support activities under the management of a Systems Assurance Manager from the Office of Systems Safety and Mission Assurance (OSSMA).  The Program consists of a Mission Assurance Requirements (MAR) document for the ST-5 mission tailored from 300-PG-7120.2.2, Mission Assurance Guidelines for Tailoring to the Needs of GSFC Projects.

Reliability considerations for the ST-5 Project are bound by programmatic demands for technology validation, low cost, and rapid development.  As a result, the spacecraft are predominantly non-redundant or "single string."  The ST-5 spacecraft are redundant at the constellation level since three (3) will be built and launched.

The safety, reliability and quality assurance requirements for the ST-5 Program are structured to  minimize the increased risk that is inherent in a predominately non-redundant system.  Good quality parts and materials; an integrated safety, reliability and quality program; and significant reliance on the test program will be key factors in meeting mission requirements against program cost and complexity constraints.

The safety, reliability and quality assurance program ensures that hardware and software are designed, manufactured, and tested to flight standards, and that drawing and specification requirements are met.  The following technologies and components are considered critical for ST-5:

· Li-Ion Battery & power control electronics

· X-Band Transponder & X-band antenna assembly

· Cold-Gas Micro Thruster System

· Spacecraft Structure and deployment mechanisms and structure

· Command and Data Handling Subsystem excluding the COLPART

· Sun Sensor

· Passive Thermal Control Components

· Connectors and Harnessing

The ST-5 Project Office, Code 495, shall refer to this MAR document for implementing the project safety, reliability and quality assurance requirements.  The ST-5 project is required to utilize the existing ISO 9001 approved practices and procedures in developing and implementing the safety, reliability and quality assurance program.  The ST-5 Project and its associated contractors and subcontractors shall describe the plans for maintaining adequate internal documentation for all safety, reliability and quality assurance activities, and for providing NASA with essential deliverable documentation.

It is GSFC’s experience that control of processes, intelligent selection of parts and materials, and thorough testing at all levels of assembly significantly increases the chance for mission success.

SECTION 1

OVERALL REQUIREMENTS
1.0
General

This Mission Assurance Requirements (MAR) is applicable to the ST-5 Project and its associated contractors and subcontractors (both in-house and out-of-house).  Managers of assurance activities shall have direct access to subsystem leads and/or subcontractors management independent of ST-5 Project management with the functional freedom and authority to interact with all other elements of the ST-5 Project.  Issues requiring project management attention will be addressed with the subsystem lead and/or subcontractor through the Project Manager and/or Contracting Officer Technical Representative.

The ST-5 Project shall plan and implement an organized safety, reliability and quality assurance (SR&QA) program for flight hardware, software and ground support equipment consistent with the MAR requirements.  This MAR document is a concise statement of the ST-5 requirements.

1.1
Use of Multi-Mission or Previously Designed, Fabricated, or Flown Hardware

When hardware that was designed, fabricated, or flown on a previous program is considered to have demonstrated compliance with some or all of the requirements of this document such that certain tasks need not be repeated, the subsystem lead and/or subcontractor is required to demonstrate how the hardware complies with requirements.

1.2
Surveillance of the Contractor

The work activities, operations, and documentation performed by the subsystem lead and/or subcontractor or his suppliers are subject to evaluation, review, audit, and inspection by government-designated representatives from GSFC, the Government Inspection Agency (GIA), or an independent assurance contractor (IAC).  GSFC will delegate in-plant responsibilities and authority to those agencies via a letter of delegation, or the GSFC contract with the IAC.

The subsystem lead and/or subcontractor, upon request, shall provide government assurance representatives with documents, records, and equipment required to perform their assurance and safety activities.  The subsystem lead and/or subcontractor shall also provide the government assurance representative(s) with an acceptable work area within developer facilities.

1.3
SR&QA Verification

Each subcontractor shall submit their Quality Manual for ST-5 Project review and concurrence.  In the case where the Quality Manual is not acceptable as is, the ST-5 Project Office shall negotiate with that developer modifications to meet ST-5 requirements.  The ST-5 System Assurance Manager (SAM) will periodically validate the subcontractor’s overall SR&QA program to inform the project office of potential problems or concerns.  Upon request, the subcontractors shall provide the ST-5 project or designated assurance representatives, with assurance and safety documents, and access needed to support these activities.

1.4
Acronym(s) and Glossary

Exhibits B and C list the acronyms and glossary of terms as applied in this document.

SECTION 2

SYSTEM SAFETY REQUIREMENTS
2.0
General

The ST-5 Project shall plan and conduct a system safety program for the Spacecraft that accomplishes the following:

· Provides for the identification and control of hazards to personnel, facilities, support equipment, and flight systems during all stages of project development.  The program shall also consider hazards in the flight hardware, software, and associated equipment that may affect the ST-5 Spacecraft, its payload, or the launch vehicle.

· Satisfies the applicable guidelines, constraints, and requirements stated in the revisions of the following documents:

(1) Eastern and Western Range EWR 127‑1(T), Range  Safety Requirements (Tailored)

(2) MIL‑STD‑882C, System Safety Program Requirements (to the extent specified in this MAR)

(3) NSS 1740.14, Guidelines and Assessment Procedures for Limiting Orbital Debris

· Interfaces effectively with the industrial safety requirements of the GSFC and subcontractor's existing safety programs.  

2.1  
System Safety Program Plantc ".2
  SYSTEM SAFETY IMPLEMENTATION PLAN"\l H
The Systems Safety Engineer shall prepare a System Safety Program Plan  (SSPP).  The SSPP shall describe the safety program requirements and the plan for implementing them.  It shall reference the detailed procedures the contractor will invoke to ensure the identification and control of hazards to personnel and hardware during fabrication, tests, transportation, ground activities, launch, and mission operations.  The plan shall comply with Appendix 1B of EWR 127-1(T):

2.2
Structural Integrity and Fracture Control
Verification of the structural integrity of the Spacecraft is required.  When protoflight testing to verify the structural design has been conducted, no further verification of structural integrity is required for acceptance of the protoflight hardware. Such testing requires subjecting the protoflight hardware to an appropriate series of proof loads tests.  Where protoflight testing is not performed, or for follow-on hardware (which is not normally subjected to protoflight testing), the contractor shall verify structural integrity in accordance with section 4.4.

2.3
Analysistc ".4
ANALYSES"\l H
2.3.1  
Hazard Analysestc ".4.1  
Hazard Analyses"\l R 

Early in the design phase the safety engineer shall perform and document hazard analyses to identify any potential hazard(s) originating from the Spacecraft or GSE.  For the Spacecraft Bus, the analyses shall be performed at the component and subsystem levels.  For the spacecraft, the analyses shall be conducted at spacecraft and bus levels and shall incorporate the results of the hazard analyses provided for each instrument in the payload.  The analyses shall identify all hazards affecting personnel, ELV hardware, the Spacecraft, Spacecraft GSE, instrument GSE, and the instruments.

The analyses shall be oriented to the requirements/hazards areas identified in Chapters 3 and 6 of EWR 127-1(T) and shall provide all information necessary to complete the hazard identification and elimination/control requirements of the "Safety Assessment Report" (SAR) (see section 2.7 herein) as applicable to the integrated spacecraft.  A separate Payload Hazard Report (Figures 2‑1a and 2‑1b) shall be generated for each specific hazard identified.  The Payload Hazard Report shall document the causes, controls, and verification methods for each hazard.  

Throughout the Spacecraft development effort, the subsystem lead and/or subcontractor shall take measures to eliminate or to minimize the effects of each hazard identified.  The hazard analyses and payload hazard reports shall be updated as the hardware progresses through the stages of design, fabrication, test, transportation, integration, and launch.  The hazard analyses shall be available at the subcontractor's facility for information, as generated.  The Payload Hazard Reports and the updates shall be included as a part of the Safety Assessment Report (see section 2.7).  The Payload Hazard Reports shall reflect status at the phase of the safety review program for which the current Safety Assessment Report is being submitted. 

Summaries of the Payload Hazard Reports and the status of hazard control efforts shall be reported at design and readiness reviews (see section 2.4, 3.1 and 11.4). 

2.3.2
Operations Hazard Analysestc ".4.2
  Operations Hazard Analyses"\l R 

When the use of a facility or when the performance of an activity could result in subjecting the Spacecraft, its elements, or personnel to hazards, an Operations Hazard Analysis (OHA) shall be performed to identify the hazards and document the requirements for either eliminating or adequately controlling each hazard.  Operations that may require analyses include handling, transportation, functional tests, and environmental test, including the GSE used in them.  A report of each OHA performed shall be submitted in accordance with the subcontractors CDRL.  For OHA's performed on any operation at the ER, the reports shall conform to the requirements of EWR 127-1(T), and a copy of each report shall be included in the Safety Assessment Report (see section 2.7 herein).

2.4  
Hazard Control Verificationtc ".5  
HAZARD CONTROL VERIFICATION"\l H
Verification of the control of all hazards shall be accomplished by test, analysis, inspection, similarity to previously qualified hardware, or any combination of these activities.  Reports of such verifications performed by the contractor shall be incorporated in the Payload Hazard Reports (see section 2.3.1) and be included as a part of the Safety Assessment Report as required by section 2.7.

2.5    
Procedure Approvaltc ".6
PROCEDURE APPROVAL"\l H
The ST-5 safety engineer shall review and approve all procedures affecting flight hardware for conformance with the System Safety Implementation Plan.  Hazardous operations shall be identified, and procedures to control them shall be developed and implemented.
2.6  
Reviewstc ".7  
REVIEWS"\l H
The systems safety status shall be examined at the GSFC Systems Review Office Reviews (per Section 3) as well as at other applicable Air Force Space Command Western Range (ER) safety reviews.  The safety engineer shall report the current safety status at the time of the GSFC SCR, PDR, CDR, PER and FRR (see sections 2.4, 4.4.1, and 10.2.5), as well as the ER launchsite phased safety reviews. The Launch site reviews should take place at the following milestones:

· Phase 1 - Approximately the time of GSFC PDR

· Phase 2 – Approximately the time of GSFC CDR

· Phase 3 - 120 days prior to shipping the system to the launch site

The safety engineer shall provide data inputs required by the launch site and technical support for all the launch site safety reviews. The safety engineer shall review the systems safety program of subcontractors.  

For any specific safety requirement that cannot be met, a waiver request shall be generated for ST-5 Project review and approval.  The request shall be generated as soon as it is known that the requirement cannot be met.  Each waiver request shall address only one hazard and shall state the requirement that cannot be met, the reason it cannot be met, the proposed method of controlling the additional risk, and the additional residual risk after application of the additional controls.  Range Safety waivers shall be specifically flagged as such for Air Force review and approval.  EWR 127-1(T) requires that each phased safety review consider any waiver requests that may have been generated.
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Figure 2-1b: Payload Hazard Report Continuation Sheet

2.7  
Safety Assessment Report (SAR)tc ".8  SAFETY ASSESSMENT REPORT (SAR)"\l H
The ST-5 Project shall submit a Safety Assessment Report (SAR) relative to the Spacecraft which complies with the requirements of section 3.4.1 of EWR 127-1(T), and MIL-STD-882 Data Item Description DI-SAFT-80102 for an SAR prior to each of the ER phased safety reviews (see section 2.6 herein).  The content of the package shall be appropriate to the phase of the program at the time of delivery and shall include the Payload Hazard Reports (see sections 2.3.1 and 2.5).  The ST-5 Project shall include with the SAR copies of any pertinent waiver requests that have been generated (see section 2.6).

2.8
Orbital Debris Assessment

The ST-5 Project shall supply an Orbital Debris Assessment, or the information required to produce the assessment in accordance with NSS 1740.14, Guidelines and Assessment Procedures for Limiting Orbital Debris.

SECTION 3

TECHNICAL REVIEW REQUIREMENTS
3.0
General

The ST-5 Project philosophy is to focus resources early and throughout the program on engineering working level “peer” reviews to identify and resolve concerns before these issues reach formal, high level system reviews.  The subsystem leads and/or subcontractors are responsible for conducting these engineering peer reviews which shall be chaired by a non-advocate independent of the Project Office or the subsystem being reviewed.  Upon request through the ST-5 Project, GSFC will provide technical expertise as required for participation in the areas undergoing detailed engineering review at subcontractors facilities.  These reviews shall be complemented by a series of phased formal reviews of the ST-5 Constellation system by the GSFC Systems Review Office, Code 301.  The reviews and their objectives are defined in the Systems Review Office memorandum, Design Review Program Guidelines.

The objectives of the ST-5 Mission Assurance review program are to:

· assure that the spacecraft, instrument(s) and supporting designs are consistent with the mission objectives

· assure that the characteristics of the systems are carefully examined to develop the best approach consistent with existing constraints and available resources

· provide a means of periodic evaluation of the hardware, software and ground support against mission criteria

· assure that end-item deliverables (systems and subsystems) meet the ST-5 requirements for performance, schedule and cost

3.1
Formal Reviews

The formal system level reviews will concentrate on critical system and end to end mission level technical and programmatic issues.  There will be seven formal system level reviews:  

· Preliminary Design Review (PDR)

· Critical design Review (CDR)

· Pre-Environmental Review (PER)

· Mission Operations Review (MOR)

· Pre-Ship Review (PSR)

· Flight Operations Review (FOR)

· Flight Readiness Review (FRR)

These formal reviews shall be chaired by the GSFC Office of Flight Assurance Systems Review Office (SRO), Code 301 at GSFC.  A Systems Review Plan (SRP) cosigned by the Project Manger and the Chief of the Systems Review Office shall serve as the basis for defining the process for conducting the above listed reviews and contain the respective review criteria for each review.  Scheduling of these reviews shall be coordinated with the Systems Review Office, Code 301, in accordance with the SRP.  

The review chairman appoints independent key technical experts as review team members.  Every effort will be made to maintain the chairman and the key technical experts for the duration of the Project.  Other experts will be added and/or deleted from the review team according to the technical needs and phases of the Project.  Mission and flight operations requirements issues shall be presented at the above reviews, unless a formal independent review is warranted because of the complexity of the flight and ground interfaces.

3.2 
Peer Reviews

Engineering peer reviews shall occur during all phases of the project life cycle.  These reviews are expected to be the most detailed of the ST-5 reviews.  It is the intent of the peer reviews that participants generate a detailed understanding of the component and subsystem designs’ ability to meet higher level system and mission requirements.  Effective peer reviews will enable significant streamlining of the content of higher level formal reviews described in section 3.1 herein.  To promote continuity of the whole review program, invitations will be extended to the ST-5 Project Office to attend peer review sessions.  Detailed reporting of the peer review findings shall be due to the ST-5 project office from the subsystem lead and/or subcontractor within a mutually agreed to timely manner after the review is complete.  The findings/actions shall be flowed up to the formal level reviews.

SECTION 4

DESIGN VERIFICATION REQUIREMENTS

4.0
Introduction

The design verification program, including environmental test, should be tailored to reflect hardware criticality, mission objectives, hardware characteristics such as physical size and complexity, and the level of risk accepted by the project.  

4.1
General


A verification program shall be conducted to ensure that the components, subsystems, technologies instruments, spacecraft, and flight operations meet the specified mission requirements.  The governing philosophy for ST-5 is that a complete and thorough verification program covering the component and assembly level is essential to achieving the integration and test program needed to provide confidence that all mission requirements have been met. The program concludes with end-to-end testing of the entire operational system (hardware and software) including the payload, the ground control center, and the appropriate network elements.

The General Environmental Verification Specification for STS & ELV Payloads, Subsystems, and Components (GEVS-SE), shall be used as a baseline guide for developing the validation program.  Alternative methods are acceptable provided that the net result demonstrates compliance with the intent of the requirements and is approved by the ST-5 Project.  The verification program shall consist of a series of analyses, functional demonstrations, physical property measurements, alignments, calibrations, tests (performance and environmental), simulations, etc., that combine to demonstrate compliance with hardware/software engineering specifications derived from mission requirements. These requirements are specified in the ST-5 Spacecraft Specification and Requirements document (ST5-495-007). 

4.2
Verification Documentation
Verification documentation for hardware and software shall provide the following information:

· An overall verification approach

· Engineering requirements flowdown and basis for verification method (test or analysis)

· Tracking of accomplishments of tests and analyses against those planned

· Definition of specific environments for each test

· Advanced planning details of each test

Figure 4-1 lists a sample form of a test report normally used as part of this documentation.  Any proposed alternative form that provides this information shall also be acceptable.  Use of existing documentation practices or systems is encouraged.

Figure 4-1



VERIFICATION TEST REPORT (Continued)
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DATE

ADD TIME FOR THERMAL & TEMPERATURE TESTS
NOTE BEGINNING AND END OF ACTUAL ACTIVITY, DEVIATIONS FROM THE PLANNED PROCEDURE, AND DISCREPANCIES IN TEST TIMES PERFORMANCE.  STATE IF THERE WERE NO DEVIATIONS OR DISCREPANCIES
MALFUNCTION REPORT NUMBER AND DATE AS APPLICABLE





The activities covered by these reports include tests and measurements performed for the purpose of verifying the flightworthiness of hardware at the component, subsystem, and payload levels of assembly.  These reports shall also be provided for such other activities as the project may designate.

These reports shall be completed and transmitted to the GSFC Technical Officer or Contracting Officer (as appropriate) within 30 days after completion of an activity.  Legible, reproducible, handwritten completed forms are acceptable.

Material felt necessary to clarify this report may be attached.  However, in general, test logs and data should be retained by those responsible for the test item unless they are specifically requested.

The forms shall be signed by the quality assurance representative and the person responsible for the test or his designated representative; the signatures represent concurrence that the data is as accurate as possible given the constraints of time imposed by quick-response reporting.

This report does not replace the need for maintaining complete logs, records, etc.; it is intended to document the implementation of the verification program and to provide a minimum amount of information as to the performance of the test item.

4.3
Verification Matrix
The ST-5 Project shall have a verification matrix for hardware and software or equivalent system that shows the flowdown of requirements and the method of verification.

4.3.1
Environmental Test Matrix
The hardware subsystem lead and/or subcontractor shall have an environmental test matrix or equivalent that summarizes all tests that will be performed, showing the test and the level of assembly.  Tests on engineering models performed to satisfy qualification requirements shall be included in this matrix.  This matrix could be combined with the verification matrix.

The environmental test matrix shall be current and shall be available at the peer reviews and formal project Systems Reviews.

4.3.2
Verification Procedures
Detailed (step-by-step) verification procedures shall be prepared for each test and analysis.  The subsystem lead and/or subcontractor shall maintain as-run verification procedures, as well as all test and analysis data.

4.4
Test Program

Two levels of testing shall be implemented to demonstrate compliance with the design requirements: protoflight and acceptance.  Protoflight testing shall be performed on the first Flight Unit of the ST-5 constellation.  Acceptance testing shall be performed on follow-on Flight Units.  Requirements are specified in the Integration and Test section of the ST-5 Spacecraft Specification and Requirements document (ST5-495-007).

4.4.1 
Environmental
All flight hardware shall be subjected to an environmental test program sufficient to demonstrate design qualification and to test for workmanship.  Functional testing shall be performed before, during, and after certain environmental tests, as appropriate at the component, subsystem, and spacecraft level.

The General Environmental Verification Specification for STS & ELV Payloads, Subsystems, and Components (GEVS-SE) shall be used as a guide for developing the environmental test portion of the verification program.  Alternative methods that demonstrate compliance with mission requirements while integrating adequate safety margins may also be used when concurred by the ST-5 Project Office.

The following tests are required as a baseline for ST-5; specific requirements for each ST-5 technology and component will be negotiated by the ST-5 Project at GSFC and documented in the Component Test section of the ST-5 Spacecraft Specification and Requirements document (ST5-495-007):

· Sine Vibration

· Random Vibration

· Strength

· EMI/EMC

· Thermal Vacuum/Thermal Balance

· Mass Properties 

· Acoustics (where applicable)

· Deployment (where applicable) 

· Magnetics (where applicable).  

4.4.2 
Functional
Functional tests are also considered a vital part of the verification program at these levels of assembly.  Functional tests shall be performed before, during, and after tests as appropriate.

4.5
Functional Test Requirements
The following paragraphs describe the required electrical functional and performance tests that verify the ST-5 constellation operation before, during, and after environmental testing.  Extensive use of the electrical interface tool (FLATSAT) will be utilized for the electrical verification.  The FLATSAT shall be used for all interface verification. These tests along with all other calibrations, functional/performance tests, measurements/demonstrations, alignments (and alignment verifications), end-to-end tests, simulations, etc., that are part of the overall verification program shall be described in the ST-5 Performance Verification Plan.

4.5.1
Electrical Interface Tests
Before the integration of a subassembly or component into the next higher hardware assembly, electrical interface tests shall be performed to verify that all interface signals are within acceptable limits of applicable performance specifications. Prior to mating with other hardware, electrical harnessing shall be tested to verify proper characteristics such as; routing of electrical signals, impedance, isolation, and overall workmanship.

4.5.2

Comprehensive Performance Tests
An appropriate comprehensive performance test (CPT) shall be conducted at the Component and Subsystem levels.   When environmental testing is performed at a given level of assembly, additional comprehensive performance tests shall be conducted during the hot and cold extremes of the temperature or thermal-vacuum test. CPTs shall also be performed at the conclusion of the environmental test sequence, as well as at other times prescribed in the Verification Plan, specification, and procedures.

The comprehensive performance test shall be a detailed demonstration that the hardware and software meet their performance requirements within allowable tolerances.  The test shall demonstrate operation of all redundant circuitry and satisfactory performance in all operational modes.   The initial CPT shall serve as a baseline against which the results of all later CPTs can be readily compared. At the subsystem level, the comprehensive performance test shall demonstrate that, with the application of known stimuli, these subsystems will produce the expected responses.  At lower levels of assembly, the test shall demonstrate that, when provided with appropriate inputs, internal performance is satisfactory and outputs are within acceptable limits.

4.5.3

Limited Performance Tests

Limited performance tests (LPT) shall be performed at the component and subsystem levels before, during, and after environmental tests, as appropriate, in order to demonstrate that functional capability of each ST-5 spacecraft has not been degraded by the tests.  The limited tests are also used in cases where comprehensive performance testing is not warranted.  In those cases, the LPTs shall become the baseline tests for performance degradation trending.  LPTs shall demonstrate that the performance of selected hardware and software functions is within acceptable limits. Specific times when LPTs will be performed shall be prescribed in the verification specification.

4.5.4

Aliveness Tests
An aliveness test shall be performed to verify that the ST-5 spacecraft and its major components are functioning, and that changes or degradation have not occurred as a result of environmental exposure, handling, transportation or faulty installation.  This test shall be performed after major environmental tests, handling and transportation of the spacecraft, and shall be significantly shorter in duration than a CPT or LPT.  Specific times when aliveness tests will be performed shall be prescribed in the verification specification.
4.5.5
Performance Operating Time and Failure-Free Performance Testing
At the conclusion of the performance verification program each spacecraft shall have demonstrated failure-free performance testing of the hardware and software as a system for at least 100 hours of continuous operation.  The demonstration may include operating time at the subsystem level of assembly when the time period of demonstration cannot be practically accomplished at the system level of assembly.  Failure-free operation during the thermal-vacuum test exposure is included as part of the demonstration of the trouble-free operation being logged at the hot-dwell and cold-dwell temperatures.  Major hardware changes during or after the verification program shall invalidate previous demonstration.  Additional verification activities shall be conducted to demonstrate performance requirements are being met and shall be reviewed for concurrence with the Office of Systems Safety and Mission Assurance and the ST-5 Project Office.

4.6

Life Testing
4.6.1

Electrical Elements

A life test program shall be implemented for electrical elements that have limited lifetimes as identified in the Limited-Life Items (Section 8.3).  The verification plan shall address the life test program, identifying the electrical elements that require such testing, describing the test hardware that will be used, and the test methods that will be employed.

4.6.2
Mechanical Elements
A life test program shall be implemented for mechanical and electromechanical devices that move repetitively as part of their normal function and whose useful life must be determined in order to verify their adequacy for the mission.  The developer shall identify such limited life items and the life testing approach (including augmenting analysis) in the Performance Verification Plan.  Trend analysis and reporting shall be as specified in Section 8.2, Analysis of Test Data, and Section 8.3, Limited Life Items.  For limited life items for which life-testing will not be performed, the rationale for eliminating the test shall be provided along with a description of the analyses that will be done to verify the validity of the rationale. 

SECTION 5

ELECTRONIC PACKAGING AND PROCESSES REQUIREMENTS
5.0
General

The ST-5 Project shall plan and implement an Electronic Packaging and Processes Program to assure that all electronic packaging technologies, processes, and workmanship activities selected and applied meet mission objectives for quality and reliability.

5.1
Workmanship
The subsystem lead and/or subcontractor shall use the following NASA workmanship documents: 

· NASA-STD-8739.3, Soldered Electrical Connections

· NASA-STD-8739.4, Crimping, Interconnecting Cables, Harnesses, and Wiring

· Workmanship Standard for Staking and Conformal Coating of Printed Wiring Boards and Electronic Assemblies, NAS 5300.4 (3J-1)

· NASA-STD-8739.7, Standard for Electrostatic Discharge Control (Excluding Electrically Initiated Explosive Devices)

· Workmanship Requirements for Surface Mount Technology, NAS 5300.4(3M)

· Flight Field Programmable Gate Array Design Guidelines, 561-PG-8700.2.1

The subsystem lead and/or subcontractor shall use the following industry standards: (1) Design Standards for Rigid and Flexible Printed Wiring Boards, IPC 2221-2223, (2) Procurement Specification for Rigid Printed Boards for Space Applications and Other High Reliability Uses, GSFC S-312-P003 (which invokes IPC 6011 and 6012). 

When requested and approved in advance by the ST-5 Project, the subsystem lead and/or subcontractor may use MIL-P-55110 as alternatives for the GSFC specification.

The subsystem lead and/or subcontractor shall provide GSFC Code 541, Materials Engineering Branch, with printed wiring board (PWB) coupons and associated test reports for evaluation.  Coupons and test reports are not required for delivery to Code 541 if the subsystem lead and/or subcontractor has the coupons evaluated by a laboratory which has been approved by the GSFC, in writing, before the coupons are released for evaluation.  No flight PWBs shall be populated prior to coupon acceptance by Code 541 or a Code 541 approved laboratory.

All personnel working on flight hardware shall be certified as having completed the required courses as defined in the developers’ quality manual prior to handling any flight hardware. This includes, but is not limited to, the aforementioned workmanship, design and ESD awareness courses.

The subsystem lead and/or subcontractor alternate workmanship standards may be used when submitted to and approved by the ST5 Project.
 5.2
New/Advanced Packaging Technologies

New and/or advanced packaging technologies (e.g.,. MCMs, stacked memories, hybrids, chip on board) shall be reviewed and approved through the Parts Control Board (PCB) as defined in Section 6.1.  Existing advanced technologies shall still be reviewed by the PCB per Section 6.1 for use against the intended application. New/advanced technologies shall be part of the Parts Identification List (PIL) and Program Approved Parts List (PAPL) defined in Section 6.2.

5.3
Hardware Handling
All in-house and out-of-house activities shall follow approved practices for handling flight hardware.  The contamination potential of material and equipment used in cleaning, handling, packaging, tent enclosures, shipping containers, bagging (e.g., antistatic film materials), and purging shall be addressed.

SECTION 6

PARTS REQUIREMENTS
6.0
General
The ST-5 Project shall plan and implement an Electrical, Electronic, and Electromechanical (EEE) Parts Control Program to assure that all parts selected for use in flight hardware meet mission objectives for quality and reliability.  All parts shall be submitted to the ST-5 Parts Engineer for review and concurrence per the Parts, Materials and Processes Control Board process (PMPCB) described in Section 6.1 of the MAR.

The parts engineer shall prepare a Parts Control Plan (PCP) describing the approach and methodology for implementing the Parts Control Program, which shall be approved by the Project Manager.  The PCP shall also define the criteria for parts selection and approval based on the requirements of this section.

All part commodities identified in the GSFC Preferred Parts List (PPL‑21) are considered EEE parts and will be subjected to the requirements set forth in this section.  Custom or advanced technology devices such as custom hybrid microcircuits, detectors, Application Specific Integrated Circuits (ASIC), and Multi-Chip Modules (MCM) will also be subject to parts control appropriate for the individual technology (see 6.1.3).

6.1
Parts, Materials, and Processes Control Board

The ST-5 Project shall establish a Parts, Materials, and Processes Control Board (PMPCB) or a similar documented system to facilitate the management, selection, standardization, and control of parts, materials, processes and associated documentation for the duration of the mission.  The PMPCB will be responsible for the review and approval of all EEE parts, for conformance to established criteria (including radiation effects), and for developing and maintaining a Program Approved Parts List (PAPL).  In addition, the PMPCB will be responsible for all parts activities such as failure investigations, disposition of non-conformances, and problem resolutions.  PMPCB operating procedures will be included as part of the PCP.  The GFSC ST-5 Project Parts Engineer shall be a permanent member of the PMPCB.

If there are any parts issues, which the subsystem lead and/or subcontractor and the parts engineer cannot resolve at the PMPCB level, then the GSFC Parts Engineer shall inform the ST-5 System Assurance Manager and the Project Manager of the issue and the associated risk.  After this discussion, the ST-5 Project will decide whether to accept the risk and ask the developer to submit a waiver to document the issue, or to elevate the issue to the developer’s management for resolution.

6.1.1
PMPCB Meetings
PMPCB meetings will be convened on a regular basis or as needed.  The ST-5 Project Parts Engineer will chair all PMPCB meetings and provide notification in advance of all upcoming meetings.  Meeting minutes or records will be maintained by the subsystem lead and/or subcontractor to document all decisions made and a copy provided to the ST-5 Project office within five business days of convening the meeting.  The ST-5 Project will retain the right to overturn decisions involving non-conformances within ten days after receipt of meeting minutes.

6.1.2
Parts Selection and Processing
All parts shall be selected and processed in accordance with GSFC 311-INST-001, “Instructions for EEE Parts Selection, Screening, and Qualification”, Parts Quality Level 2.   Parts selected from the GSFC Preferred Parts List (PPL), MIL‑STD‑975, or the NASA Parts Selection List (NPSL) are preferred.  All other EEE parts shall be selected, manufactured, processed, screened, and qualified, as a minimum, in the same manner as the nearest applicable quality level 2 device(s).  GSFC PPL-21, Appendix C, may also be used as a guideline for the required screening.

A procurement specification may be required for parts in this category based on the recommendation of the Parts Engineer. These specifications shall fully identify the item being procured and shall include physical, mechanical, electrical, and environmental test requirements and quality assurance provisions necessary to control manufacture and acceptance.  Screening requirements designated for the part can be included in the procurement specification.  They shall specify test conditions, failure criteria, and lot rejection criteria.  For lot acceptance or rejection, the Percentage of Defectives Allowable (PDA) in a screened lot shall be in accordance with that prescribed in the closest military part specification.

6.1.3
Custom Devices
Custom microcircuits, hybrid microcircuits, MCM’s, ASIC’s, etc., planned for use by the subsystem lead and/or subcontractor shall be subjected to a design review.  The review may be conducted as part of the PMPCB activity.  The design review will address, at a minimum, derating of elements, method used to assure each element reliability, assembly process and materials, and method for assuring adequate thermal matching of materials. 

6.1.4
Derating
All EEE parts shall be used in accordance with the derating guidelines of GSFC PPL‑21.  The subsystem lead and/or subcontractors derating policy may be used in place of the PPL guidelines and shall be submitted with the ST-5 Project Parts Control Plan (PMPCP).  The subsystem lead and/or subcontractor shall maintain documentation on parts derating analysis and make it available for GSFC parts engineer review.
6.1.5
Radiation Hardness
All parts shall be selected to meet their intended application in the predicted ST-5 mission radiation environment as defined by the GSFC Radiation and Effects Group.  The radiation environment consists of two separate effects, those of total ionizing dose and single-event effects.  The subsystem lead and/or subcontractor will document the analysis for each part with respect to both effects.

6.1.6
Verification Testing
Verification of screening or qualification tests by retesting is not required unless deemed necessary as indicated by failure history, GIDEP Alerts, or other reliability concerns.  If required, testing shall be as determined by the PMPCB, based on the selection and processing guidelines of paragraph 6.1.2, herein. 

6.1.7
Destructive Physical Analysis
A sample of each lot date code of microcircuits, hybrid microcircuits, and semiconductor devices shall be subjected to a Destructive Physical Analysis (DPA) based on PMPCB recommendation.  All other parts may require a sample DPA if it is deemed necessary as indicated by failure history, GIDEP Alerts, or other reliability concerns.  DPA tests, procedures, sample size and criteria shall be as specified in GSFC specification S‑311‑M‑70, Destructive Physical Analysis. Subsystem lead and/or subcontractor procedures for DPA may be used in place of S‑311‑M‑70 and shall be submitted to the PMPCB for concurrence prior to use.  The PMPCB on a case-by-case basis shall consider variation to the DPA sample size, due to part complexity, availability or cost.

6.1.8
Parts Age Control
Parts drawn from controlled storage after 9601 LDC shall be subjected to a re-screen and sample DPA per PMPCB recommendation.  Alternate test plans may be used as determined and approved by the PMPCB on a case-by case basis.  Parts over 10 years from the date of the last full screen or stored in other than controlled conditions where they are exposed to the elements or sources of contamination shall not be used.

6.1.9
Particle Impact Noise Detection (PIND)
All EEE devices with internal cavities shall be subjected to 100% PIND screening, in accordance with the applicable specification in GSFC 311-INST-001.  Any device failing this screen will not be used in any flight application.  Parts from lots exceeding 20% PIND failure must be reviewed by the PMPCB for approval.  PIND screening is not required for diodes with “double-plug” type construction.
6.2
Parts Lists

The parts engineer shall create and maintain a Project Approved Parts List (PAPL) and a Parts Identification List (PIL) for the duration of the program based on inputs from the subsystem leads and/or subcontractors.  The PAPL consists of all part types approved for use by the Parts Control Board.  The PIL normally is compiled by component and shall include as a minimum the following: part number, part name or description, manufacturer, manufacturer's generic part number, drawing number, specifications, quantities, lot date code, and part use locations to the subassembly level.

The subsystem leads and/or subcontractors may choose to incorporate the PAPL and PIL into one list, which shall be submitted to the ST-5 Project as a PIL, provided clear distinctions are made as to parts approval status and whether parts are planned for use in flight hardware.  Parts must be approved for listing on the PAPL and PIL before initiation of procurement activity.  The use of the ST-5 Project parts control board is required as a mechanism to document and accomplish parts selection, acceptance, qualification, etc.  All submissions to the parts engineer shall include a computer compatible form.

6.2.1
Project Approved Parts List
The Project Approved Parts List (PAPL) shall be the only source of approved parts for flight hardware, and as such may contain parts not actually in flight design.  Only parts that have been evaluated and approved by the PMPCB shall be listed in the PAPL. 

6.2.2
Parts Approved on Prior Programs
Parts previously approved by GSFC via a Nonstandard Parts Approval Request (NSPAR) shall be evaluated by the PMPCB for compliance to current program requirements prior to listing in the PAPL.  This shall be accomplished by determining that:

a.  No changes have been made to the previously approved NSPAR, Source Control Drawing (SCD) or vendor list.

b.  All stipulations cited in the previous NSPAR approval have been implemented on the current flight lot, including performance of any additional testing. 

c.  The previous program’s parts quality level is identical to the current program.

d.  No new information has become available which would preclude the use of the previously approved part in a high reliability space flight application.

6.2.3
Parts Identification List
As opposed to the PAPL, the Parts Identification List (PIL) will list all parts planned for use in flight hardware, regardless of their approval status.  The initial PIL and subsequent updates will be submitted to the ST-5 Project in accordance with the contract delivery requirements.  An As-Built Parts List (ABPL) shall also be prepared and submitted to the ST-5 Project in accordance with the contract delivery requirements.  The ABPL is generally the final PIL with additional as-built information.  The PIL normally is compiled by component and shall include as a minimum the following information: part number, part name or description, manufacturer, manufacturer's generic part number, drawing number, specifications, quantities, lot date code, and part use locations to the subassembly level.

6.3
Alerts

The PMPCB, shall be responsible for the review and disposition of all Government Industry Data Exchange Program (GIDEP) Alerts for parts proposed for use.  Alert applicability, impact, and corrective actions shall be documented and made available for ST-5 Project review.

SECTION 7

MATERIALS, PROCESSES AND LUBRICATION REQUIREMENTS

7.0
General

The ST-5 Project shall implement a Materials and Processes program beginning at Phase B.  Proposed materials and processes shall be reviewed with the ST-5 Project Materials Engineer from Code 541.  The subsystem lead and/or subcontractor shall maintain lists of these items (inorganics and metallics, polymerics, lubricants, and processes) and appropriate usage records.

The ST-5 Project shall establish a Parts, Materials, and Processes Review Board (PMPCB) for materials and processes review to assure they are acceptable for the application, and for disposition of nonconforming materials and processes.  Meetings will be as described in Section 6.1.1.  Reporting MRB activities to the ST-5 Project at GSFC shall also be described.

NASA Reference Publication 1124 entitled “Outgassing Data for Selecting Spacecraft Materials” shall be used as a guide for materials selection on this project.  Materials shall be selected in accordance with the Contamination Control requirements in Section 10.  Each subsystem lead and/or subcontractor shall deliver one list that is inclusive of the polymeric materials, inorganic materials, composites, lubricant usage, and the material process utilization.  Each subsystem lead and/or subcontractor shall submit their list for ST-5 project review and approval prior to the Critical Design Review.  As part of the Project systems engineering team, all proposed materials and processes shall be reviewed with the ST-5 Project Materials Engineer.

If there are any materials and processes issues, which cannot be resolved at the engineering level, then the Project materials assurance engineer shall inform the ST-5 System Assurance Manager and the Project Manager of the issue and the associated risk.  After this discussion, the ST-5 Project Manager will decide whether to accept the risk and generate a waiver to document the issue.

Each subsystem lead and/or subcontractor shall maintain a list of materials, processes, and appropriate usage records prior to and during the hardware development for review with the materials assurance engineer.  This as-built list shall be updated and submitted as part of the Acceptance Data Package for each spacecraft.

7.1
Materials Selection Requirements
In order to anticipate and minimize materials problems during space hardware development and operation, each subsystem lead and/or subcontractor, when selecting materials and lubricants, should consider potential problem areas.  Examples are radiation effects, thermal cycling, stress corrosion cracking, galvanic corrosion, hydrogen embrittlement, lubrication, contamination of cooled surfaces, composite materials, atomic oxygen, useful life, vacuum outgassing, toxic offgassing, flammability and fracture toughness, as well as the properties required by each material usage or application.

7.1.1
Compliant Materials
Each subsystem lead and/or subcontractor shall use compliant materials in the fabrication of flight hardware to the extent practicable.  In order to be compliant, a material must be used in a conventional application and meet the applicable selection criteria identified in Table 7-1.  A compliant material does not require a Materials Usage Agreement (MUA) (See Figure 7-1).

7.1.2
Non-compliant Materials

A material that does not meet the requirements of the applicable selection criteria of Table 7-1, or meets the requirements of Table 7-1 but is used in an unconventional application shall be considered to be a non-compliant material.  The proposed use of a non-compliant material requires that a Materials Usage Agreement (MUA) and/or Stress Corrosion Evaluation Form or subcontractor’s equivalent forms (Figures 7-1 and 7-2), be submitted to the ST-5 project for concurrence.

7.1.2.1
Materials Used in "Off-the-Shelf-Hardware”
"Off-the-shelf hardware" for which a detailed materials list is not available, and where the included materials cannot be easily identified and/or changed will be treated as non-compliant.  Each subsystem lead and/or subcontractor shall define on a MUA (or equivalent form), what measures will be used to ensure that all materials in the hardware are acceptable for use. Such measures might include any one, or a combination, of the following: hermetic sealing, vacuum bake-out, material changes for known non-compliant materials, etc.  When a vacuum bake-out is the selected method, it must incorporate a quartz crystal microbalance (QCM)  and be performed in accordance with section 10.4. 

TABLE 7-1
MATERIAL SELECTION CRITERIA

Type

Launch
Payload

Location
Flammability and

Toxic Offgassing
Vacuum

Outgassing
Stress Corrosion

Cracking  (SCC)

ELV


All
Note 1
Note 2
Note 3

NOTES:

1.  Hazardous materials requirements, including flammability, toxicity and compatibility as specified in Eastern and Western Range 127-1 Range Safety Requirements, Section 3.10.

2.  Vacuum Outgassing requirements as defined in paragraph 10.3

3.  Stress corrosion cracking requirements as defined in MSFC-SPEC-522.

7.1.3
Conventional Applications 

Conventional applications or usage of materials is the use of compliant materials in a manner for which there is extensive satisfactory aerospace heritage. 

7.1.4
Non-conventional Applications 

The proposed use of a compliant material for an application for which there is limited satisfactory aerospace usage will be considered a non-​conventional application.  In that case, the material usage will be verified for the desired application via an MUA on the basis of test, similarity, analyses, inspection, existing data, or a combination of those methods.

7.1.5
Shelf-Life-Controlled Materials
Materials that have a limited shelf-life shall be controlled by a program that identifies the start date (manufacturer's processing, shipment date, or date of receipt, etc.), the storage conditions associated with a specified shelf-life, and expiration date.  Materials such as o-rings, rubber seals, tape, uncured polymers, lubricated bearings and paints will be included.  The use of materials whose date code has expired requires that each subsystem lead and/or subcontractor demonstrate by means of appropriate tests that the properties of the materials have not been compromised for their intended use; such materials must be approved by the ST-5 project by means of a waiver.  When a limited-life piece part is installed in a subassembly, the subassembly item will be included in the Limited-Life Plan.

7.1.6
Inorganic Materials
Each subsystem lead and/or subcontractor shall prepare and document an inorganic materials and composites usage list (see sample Figure 7-3) or the subcontractor’s equivalent.  The list shall be submitted to the ST-5 project for review/concurrence.  In addition, each subsystem lead and/or subcontractor may be requested to submit supporting applications data.  The criteria specified in MSFC-SPEC-522 shall be used to determine that metallic materials meet the stress corrosion cracking criteria.  A MUA and stress corrosion cracking evaluation form shall be submitted for each material usage that does not comply with the MSFC 522 SCC requirements. Nondestructive evaluation requirements are contained in the ELV structure integrity requirements.

7.1.7
Fasteners

Each subsystem lead and/or subcontractor shall comply with the procurement documentation and test requirements for flight hardware and critical ground support equipment fasteners contained in GSFC S-313-100, Goddard Space Flight Center Fastener Integrity Requirements.  Material test reports for fastener lots shall be documented for review upon request.  Fasteners made of plain carbon or low alloy steel shall be protected from corrosion. When plating is specified, it shall be compatible with the space environment.  On steels harder than RC 33, plating shall be applied by a process that is not embrittling to the steel.

7.1.8
Lubrication
Each subsystem lead and/or subcontractor shall prepare and document a lubrication usage list (Figure 7-4) or the subcontractor equivalent, which shall be submitted to the ST-5 project for review and concurrence.  In addition, the subsystem lead and/or subcontractor may be requested to submit supporting applications data.  Lubricants shall be selected for use with materials on the basis of valid test results that confirm the suitability of the composition and the performance characteristics for each specific application, including compatibility with the anticipated environment and contamination effects.  All lubricated mechanisms shall be qualified by life testing in accordance with the life test plan or heritage of an identical mechanism used in identical applications.

7.2
Process Selection Requirements
Each subsystem lead and/or subcontractor shall prepare and document a material process utilization list or the subcontractor equivalent (Figure 7-5) for ST-5 project review upon request.  Manufacturing processes (e.g., lubrication, heat treatment, welding, chemical or metallic coatings), shall be carefully selected to prevent any unacceptable material property changes that could cause adverse effects of materials applications.

7.3
Procurement Requirements
7.3.1
Purchased Raw Materials
Raw materials purchased by the subsystem lead and/or subcontractor shall be accompanied by the results of nondestructive, chemical and physical tests, or a Certificate of Compliance. 

7.3.2
Raw Materials Used in Purchased Products
Each subsystem lead and/or subcontractor shall require that suppliers meet the requirements of 7.3.1 and provide on request the results of acceptance tests and analyses performed on raw materials.
7.4 
GIDEP Alerts

Each subsystem lead and/or subcontractor shall keep materials selection and usage records sufficient to determine applicability of any Government Industry Data Exchange Program (GIDEP) alerts related to materials used for ST-5.  The Materials Assurance Engineer shall review GIDEP alerts with the approved materials list for issues and corrective action via the PMPCB process.  
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FIGURE 7-1  MUA


STRESS CORROSION EVALUATION FORM

1.
Part Number  ______________________________________

2.
Part Name  ________________________________________

3.
Next Assembly Number  _____________________________

4.
Manufacturer  _____________________________________

5.
Material  _________________________________________

6.
Heat Treatment  ___________________________________

7.
Size and Form  ____________________________________

8.
Sustained Tensile Stresses-Magnitude and Direction

a.
Process Residual  __________________________________

b.
Assembly  ________________________________________

c.
Design, Static  _____________________________________

9.
Special Processing  _________________________________

10.
Weldments

a.
Alloy Form, Temper of Parent Metal  _____________________

b.
Filler Alloy, if none, indicate  ___________________________

c.
Welding Process  __________________________________

d.
Weld Bead Removed - Yes ( ), No ( )  _____________________

e.
Post-Weld Thermal Treatment  _________________________

f.
Post-Weld Stress Relief  _____________________________

11.
Environment  _____________________________________

12.
Protective Finish  __________________________________

13.
Function of Part  ___________________________________


________________________________________________

14.
Effect of Failure  ___________________________________


________________________________________________

15.
Evaluation of Stress Corrosion Susceptibility  ______________


________________________________________________

16.
Remarks:  ________________________________________


________________________________________________

Figure 7-2 Stress Corrosion Evaluation Form




INORGANIC MATERIALS AND COMPOSITES USAGE LIST

SPACECRAFT
  SYSTEM/EXPERIMENT
  GSFC T/O


DEVELOPER/CONTRACTOR
  ADDRESS


PREPARED BY
  PHONE
  DATE


  PREPARED



  DATE
  DATE

GSFC MATERIALS EVALUATOR
  PHONE
  RECEIVED
  EVALUATED


ITEM

NO.
MATERIAL IDENTIFICATION(2)
CONDITION(3)
APPLICATION(4)
OR OTHER SPEC. NO.
EXPECTED ENVIRONMENT(5)
S.C.C. TABLE NO.
MUA

NO.
NDE

METHOD











NOTES:

1.
List all inorganic materials (metals, ceramics, glasses, liquids and metal/ceramic composites) except bearing and lubrication materials which should be listed on Form 18-59C.

2.
Give materials name, identifying number manufacturer.
Example:
a. Aluminum 6061-T6

b. Electroless nickel plate, Enplate Ni 410, Enthone, Inc

c. Fused silica, Corning 7940, Corning Class Works

3.
Give details of the finished condition of the material, heat treat designation (hardness or strength),
surface finish and coating, cold worked state, welding, brazing, etc.
Example:
a. Heat treated to Rockwell C 60 hardness, gold electroplated, brazed.


b. Surface coated with vapor deposited aluminum and magnesium fluoride


c. Cold worked to full hare condition, TIG welded and electroless nickel plated. 

4.
Give details of where on the spacecraft the material will be used (component) and its function.
Example: Electronics box structure in attitude control system, not hermetically sealed. 

5.
Give the details of the environment that the material will experience as a finished S/C component, both in ground test and in space.  Exclude vibration environment.  List all materials with the same environment in a group. 
Example:
T/V:        -20C/+60C, 2 weeks, 10E-5 torr, Ultraviolet radiation (UV)


Storage: up to 1 year at room temperature


Space:    -10C/+20C, 2 years, 150 miles altitude, UV, electron, proton, Atomic Oxygen
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FIGURE 7-3 INORGANIC MATERIALS AND COMPOSITES USAGE LIST




LUBRICATION USAGE LIST

SPACECRAFT
  SYSTEM/EXPERIMENT
  GSFC T/O


DEVELOPED/CONTRACTOR
  ADDRESS


PREPARED BY
  PHONE
  DATE


  PREPARED



  DATE
  DATE

GSFC MATERIALS EVALUATOR
  PHONE
  RECEIVED
  EVALUATED



ITEM

NO.
COMPONENT TYPE, SIZE MATERIAL(1)
COMPONENT MANUFACTURER

& MFR. IDENTIFICATION
PROPOSED LUBRICATION

SYSTEM &

AMT. OF LUBRICANT
TYPE  & NO. OF

WEAR CYCLES(2)
SPEED, TEMP., ATM.

OF OPERATION(3)
TYPE OF LOADS & AMT.
OTHER DETAILS(5)



NOTES

(1)
BB = ball bearing, SB = sleeve bearing, G = gear, SS = sliding surfaces, SEC = sliding electrical contacts.  Give generic identification of materials used for  the component, e.g., 440C steel, PTFE.

(2)
CUR = continuous unidirectional rotation, CO = continuous oscillation, IR = intermittent rotation, IO = intermittent oscillation, SO = small oscillation, (<30°), LO = large oscillation (>30°), CS = continuous sliding, IS = intermittent sliding.
No. of wear cycles:  A(1-102), B(102-104), C(104-106), D(>106)


(3)
Speed:
RPM = revs./min., OPM = oscillations/min., VS = variable speed



CPM = cm/min. (sliding applications)
Temp. of operation, max. & min., °C
Atmosphere:  vacuum, air, gas, sealed or unsealed & pressure

(4)
Type of loads:  A = axial, R = radial, T = tangential (gear load).  Give amount of load.


(5)
If BB, give type and material of ball cage and number of shields and specified ball groove and ball finishes.  If G, give surface treatment and hardness.  If SB, give dia. of bore and width.  If torque available is limited, give approx. value.
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FIGURE 7-4 LUBRICATION USAGE LIST




MATERIALS PROCESS UTILIZATION  LIST

SPACECRAFT
  SYSTEM/EXPERIMENT
  GSFC T/O


DEVELOPER/CONTRACTOR
  ADDRESS


PREPARED BY
  PHONE
  DATE PREPARED


GSFC MATERIALS EVALUATOR
  PHONE
  DATE RECEIVED
  DATE EVALUATED


ITEM

NO.
PROCESS TYPE(1)
CONTRACTOR SPEC. NO.(2)
MIL., ASTM., FED.

OR OTHER SPEC. NO.
DESCRIPTION OF MAT’L PROCESSED(3)
SPACECRAFT/EXP. APPLICATION(4)









NOTES

(1)
Give generic name of process, e.g., anodizing (sulfuric acid).

(2)
If process if proprietary, please state so.

(3)
Identify the type and condition of the material subjected to the process.
E.g., 6061-T6

(4)
Identify the component or structure of which the materials are being processed.
E.g., Antenna dish
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FIGURE 7-5 MATERIALS PROCESS UTILIZATION LIST

SECTION 8

RELIABILITY REQUIREMENTS

8.0
General
The ST-5 project shall plan and implement a reliability program that effectively and efficiently enhances the mission probability of success.  Reliability engineering will interact with other ST-5 program disciplines, including systems, design, and parts engineering, product assurance, and systems safety, to assist in achieving mission success over the stated mission life.  Reliability tasks shall address ST5 mission objectives within the project developmental milestones.

ST-5 Project management shall set an appropriate mission probability of success.  Subsequent reliability requirements will be derived to meet the mission success criteria within the mission risk level.

The reliability program shall accommodate the ST5 project risk level and be an integral part of the Project Risk Management process described in Section 13.  The success criteria shall address  the following  Project objectives: 
8.0.1  Design
a) 
System complexity shall be reduced by eliminating unnecessary parts and components.

b) 
The system shall be designed so that, wherever practicable, failures will allow continued successful but degraded operation.  (This concept is called graceful degradation.)

c) 
Whenever possible, the system shall be designed to include failure workarounds that allows continued successful but degraded operation.

d) 
The system shall be designed so that failure of non-critical functions shall not affect critical functions.

e) 
Parts and components shall be designed so that their failure does not impact other functions.

f) 
All parts shall be applied or designed so that the operational electrical and environmental stresses do not exceed derating requirements over the expected extremes of operating temperature range, voltage temperature range, and current variations.  This requirement shall be verified thorough a Parts Stress Analysis (8.2.3)

g) 
All parts shall meet total dose and single event effects radiation requirements.

h) 
Limited-life items shall be identified and special precautions taken to ensure their useful life is conserved for on-orbit operations (8.4).

i) 
Project reliability requirements shall be flowed down to all subsystem leads and/or subcontractors, designers and suppliers.


8.0.2  Manufacture
a) 
The system shall be designed to allow easy replacement of parts and components.

b) 
An in-process inspection program shall verify that hardware is assembled as designed and in accordance with the specified manufacturing processes.

8.0.3  Test
a) 
A test program shall be designed and implemented that verifies the delivered spacecraft meets all project specifications and that it functions according to design parameters.

b) 
Significant engineering parameters shall be selected and measured to identify performance trends during pre-launch activities.

8.1
Reliability Analyses

The following reliability analyses shall be performed concurrently with design to identify risks so they can be addressed for timely consideration of design alternatives or corrective actions as part of the Continuous Risk Management processes described in Section 13.

8.1.1
Failure Modes and Effects Analysis
A Failure Modes and Effects Analysis (FMEA) shall be performed early in the design phase to identify system design issues from a “bottom-up” standpoint.  As the design matures and changes, FMEA shall be revised.  Failure modes shall be assessed at the component level and their effects through the spacecraft and mission levels.  Severity (criticality) levels will be assigned each failure mode, in accordance with P-302-720, Performing a Failure Modes and Effects Analysis.  Launch, deployment and on-orbit mission phases will be considered in the analyses.  The FMEA shall be used to help verify that all safety-critical hardware and safety has been identified and addresses in the hazard analysis.
Failure modes resulting in Severity Categories 1, 1R, 1S or 2 shall be analyzed to a greater degree (depth), to the single part levels, if necessary, to identify the failure causes.  FMEA results shall be used to evaluate the design relative to requirements.  Identified discrepancies shall be evaluated by a management-design team to determine if design alterations or corrective actions are needed.

The FMEA will analyze redundancies to ensure that redundant paths are isolated or protected so that any single failure that causes the loss of a functional path will not affect the other functional path(s) or the capability to switch operation to that redundant path.  The FMEA shall be performed by Project reliability engineer and documented in the ST-5 Project Configuration Management System.







8.1.2.1 
 
 8.1.2 Fault Tree Analysis

A Fault Tree Analysis (FTA) shall be performed on the hardware and software as a “top down” approach to identify and assess risks, and apply the appropriate mitigation.  It shall be iterated during all phases of the design as new information is developed.

Results of these analyses shall be reported to appropriate design personnel for consideration in selection or updating of hardware designs and to assurance management for inclusion in the performance assurance status reports.  Assessments shall include a statement of the ground rules and assumptions underlying the analysis.

Reliability assessment results shall be reported at PDR and CDR, and at other times, as required during the design phase.  Any reliability assessments performed outside of GSFC shall be performed in accordance with MIL-HDBK-217F, Appendix A, Parts Count Method. 

8.1.3
Parts Stress Analyses
All electrical, electronic, and electromechanical (EEE) parts used in the design shall be subjected to stress analyses to assure conformance with applicable derating guidelines (see 6.1.4).  The analyses shall be performed at the most stressful values that result from specified performance and environmental requirements (e.g. temperature, voltage) on the assembly or component.

8.1.4  
Worst Case Analyses
Worst Case Analyses shall be performed on circuits where failure results in a severity category of 2 or higher and provided to the ST-5 Project for review.  The most sensitive design parameters, including those that are subject to variations that could degrade performance, shall be subjected to the analysis.  Analyses, test or both shall demonstrate adequacy of margins in the design of electronic circuits, optics, electromechanical and mechanical items.

The analyses shall consider all parameters set at worst case limits and worst case environmental stresses for the parameter or operation being evaluated.  Depending on mission parameters and parts selection methods, part parameter values for the analysis typically include the following: manufacturing variability, variability due to temperature, aging effects of environment, and variability due to cumulative radiation.  The analyses shall be updated in keeping with design changes.  The analyses and updates will be reported to the ST-5 project management.

8.2
Reliability Assessments
The reliability engineer shall perform comparative numerical reliability assessments in order to:

a) Evaluate alternative design concepts, redundancy and cross-strapping approaches, and part substitutions; and identify elements of the design which contribute most to system unreliability;

b) Identify potential mission limiting elements and components that will require special attention in part selection, testing, environmental isolation, and/or special operations;

c) Assist in evaluating the ability of the design to achieve the mission life requirement and other reliability goals and requirements as applicable; and 

d) Evaluate the impact of proposed engineering change(s) and waiver request(s) on reliability.

8.1.2.2 8.2.1 Probability Risk Assessment
A probability risk assessment (PRA) shall be iteratively performed to quantitatively express the risks of failure during all phases of the design.  Assessment information from other analyses such as FMEA, FT, Worse Case, etc shall be used in the development of the PRA.  It shall be used as a tool to assist in tradeoffs of technical and cost risk, safety, performance, and reliability.

8.2.2
Limited-Life Items Assessment
Limited-Life items shall be identified and managed in a Limited-Life Plan prepared by the reliability engineer approved by the Project Manager.  It shall list all life-limited items and include the following data elements: item, expected life, required life, duty cycle, rationale for selection and effect on mission parameters.

An item’s useful life period begins with either (1) its fabrication or (2) installation into flight hardware, as appropriate, and ends when the orbital mission is completed.  

The list of limited-life items should include selected structures, thermal control surfaces, solar arrays and electromechanical mechanisms.  Atomic oxygen, solar radiation, shelf-life, extreme temperatures, thermal cycling, wear and fatigue should be used to identify limited-life thermal control surfaces and structure items.  Mechanisms such as batteries, compressors, seals, bearings, valves, tape recorders, momentum wheels, gyros, actuators, and scan devices should be included when aging, wear, fatigue and lubricant degradation limit their life. 

A record tracking the pre-launch cumulative operating times or cycles on life-limited items shall be devised and implemented.  The record shall begin when useful life is initiated and shall record the activity or operation stressing each item.   Any items to be used for which the expected life is less than the mission design life must be approved by the ST-5 Project Manager via a waiver.

8.3
Analysis of Test Data
Test information generated during the normal test program shall be utilized to assess flight equipment reliability and identify potential or existing failure problems.  The reliability engineer will analyze test information, trend data, and failure investigations as provided by subcontractors and subsystems design leads to determine reliability effects.  Identified problems shall be documented and directed to the project management for action.








SECTION 9

QUALITY ASSURANCE REQUIREMENTS

9.0
Quality Management System

The baseline quality system for ST-5 shall be the United States implementation of ISO 9000 as defined by ANSI/ASQC Q9001-1994.  It is intended that this will allow the subsystem leads and/or subcontractors’ greater control over the quality system and the ability to concentrate on value-added quality activities.

During Phase B the subsystem lead and/or subcontractors shall define and implement a quality system based on ANSI/ASQC Q9001-1994 that properly encompasses ST-5 flight hardware, software, and Ground Support Equipment.  The subcontractor(s) quality manual, as required by this standard, shall be provided for GSFC review and concurrence during Phase B.  Subcontractors not ISO 9001 certified shall undergo a review of the quality practices they follow, and an assessment will be made by the SAM as to their acceptability.  Concerns will be raised to the Project Manger for concurrence and resolution, or acceptance of the risk.

9.1
QA Management System Requirements Augmentation
The following requirements augment identified portions of ANSI/ASQC Q9001-1994.  Paragraph 4.13.2 of ANSI/ASQC Q9001-1994 is augmented as follows:

New on-orbit design of software and ground stations hardware shall be in accordance with original system design specifications and validation processes.  The supplier’s QA program shall ensure flow-down to all major and critical suppliers of technical requirements and a process to verify compliance.
9.2
Failure Reporting

Paragraph 4.13.2 of ANSI/ASQC Q9001-1994 shall be augmented to define failure reporting system requirements as follows:  

Any departure, or suspected departure, from design, performance, testing, or handling requirements that affects the function of flight equipment shall be immediately documented.  Failures in ground support equipment that interfaces with flight equipment shall also be immediately documented.

Reporting of failures shall begin with the first power application of the delivered item or the first operation of a mechanical item. SW reporting and formal tracking of failures shall begin no later than acceptance of build 2 for in-house development, and upon first use with flight hardware for subcontracted activities.  Reporting shall continue through successful closure with the Project Failure Review Board.  Failures shall be reported to the SAM within one business day of occurrence.  Discrepancy Reports documenting the failure and investigation shall be supplied to the Systems Assurance Manger within 5 business days of the occurrence.  The subsystem lead and/or subcontractors review, disposition, approval process of failure reports shall be described in applicable procedure(s) included or referenced in the Quality Manual.

9.3
Nonconformance Documentation and Control

All GSFC in-house activities shall follow the GSFC NCR/CA system for hardware and software.  

9.3.1 Hardware

Subcontractor(s) shall provide the ST-5 Project with documentation describing how nonconforming material is designated, segregated and controlled from the fabrication flow.  This documentation shall describe in detail the approval authority for accepting the disposition with government concurrence and how the documentation is controlled, ie. Material Review Boards (MRB).

9.3.2
Software
For in-house development at GSFC, describe the process for recording and correcting problems for minor nonconformances in a nonconformance reporting/corrective action system prior to acceptance of build 2 as defined in 580-PG-8730.3.1.  The GSFC nonconformance reporting/corrective action (NCR/CA) system shall be used if no minor nonconformance system exists or if the nonconformance meets the Center wide criteria listed in GPG 1710.1.
Minor nonconformances shall include a description of the process used to evaluate the cause of the problem and to assess whether any changes need to be implemented to prevent future recurrences.  The minor nonconformance shall include the version or release number where the problem was found and the version number that includes the corrections.  Nonconforming products are both identified by their associated nonconformance number and the associated release numbers.  Any products released to the customer shall include a release letter stating the release number, the included capabilities of the release, and a description of any remaining nonconformance in the release.  Products with remaining nonconformance may only be released to the customer with proper approval (See Library of Approved Team Processes or Criteria 7 in Appendix D of 580-PG-8730.3.1).  All major nonconformances must be processed via the GSFC NCR/CA system.

Subcontractor(s) shall provide the ST-5 Project with documentation describing how nonconforming software is designated, segregated and controlled from the processing flow.  This documentation shall describe in detail the process for determining root cause, corrective action, and verification of the corrective action.  It shall include the approval authority for accepting the disposition with government concurrence.

SECTION 10

CONTAMINATION CONTROL REQUIREMENTS
10.0
General
The ST-5 Project shall plan and implement a contamination control program for the ST-5 satellite system.  The program establishes the specific cleanliness requirements and delineates the approaches in a Contamination Control Plan (CCP).  

10.1
Contamination Control Plan
The CCP shall completely describe the procedures that will be followed to control contamination, be approved by the Project Manger, and controlled via the Project CCB process.  The CCP shall define a contamination allowance for performance degradation of contamination sensitive hardware such that, even in the degraded state, the ST-5 will meet its mission objectives.  The CCP shall establish the implementation and describe the methods that will be used to measure and maintain the levels of cleanliness required during each of the various phases of the satellites’ lifetime.  The plan shall also address possible contamination requirements due the co-manifestation with the primary payload on the launch vehicle.

10.2
Contamination Control
The ST-5 Project shall delineate the measures to be taken to ensure that the contamination allowances established in the CCP are not exceeded.  These measures could include inspections, tests, and analyses (including associated implementing and controlling documentation) for measuring and maintaining the levels of cleanliness required during the various phases of the hardware life.

10.3
Material Outgassing
All materials shall be screened in accordance with NASA Reference Publication 1124.  A list of material outgassing data shall be established, and reviewed and approved by the ST-5 Project Materials Engineer.  Only materials that have a total mass loss (TML) <1.00% and a collected volatile condensable mass (CVCM) <0.10% shall be used on this Project unless a waiver is submitted and granted by the ST-5 project.

10.4
Thermal Vacuum Bakeout
Thermal vacuum bake-outs of all contamination sensitive hardware shall be performed in accordance with the CCP.  The parameters of such bake-outs (e.g., temperature, duration, pressure) must be individualized depending on materials used, the fabrication environment, and the established contamination allowance.  They shall be documented in individual bake-out specifications and referenced in the CCP for each hardware item.

A quartz crystal microbalance (QCM) or temperature controlled quartz crystal microbalance (TQCM) and cold finger shall be incorporated during all thermal vacuum bakeouts at the s/c level.  These devices shall provide additional information to enable a determination of the duration and effectiveness of the thermal vacuum bakeout as well as compliance with the CCP.

SECTION 11

FLIGHT SOFTWARE ASSURANCE REQUIREMENTS
11.0
Introduction
The ST-5 Project shall employ a structured program for the development of flight software.  The program shall address appropriate development life cycle phases such as: requirements analysis, design, code and unit test, integration and build test, performance verification, and maintenance.  Code produced shall be structured, error-free, and maintainable.

During the preliminary design process, the flight software subsystem lead and/or subcontractor shall establish and document flight software requirements and any appropriate external interface specifications and user guides.

The flight software subsystem lead and/or subcontractor shall participate in a program of internal and external software reviews to validate software requirements, design, operating characteristics, and external interface requirements.

The flight software development shall have a Software Quality Management System (SQMS) that is compliant with ANSI/ASQC Q9001.  The SQMS will be applied to all software developed for the ST-5 Mission.  The AETD and/or subcontractor shall allow ST-5 Project audits to assure compliance of the flight software developer’s SQMS with ANSI/ASQC Q9001 and to assure that the SQMS is applied to the contracted software activities.

11.1
General

The ST-5 Project shall develop a software management plan which covers both flight and ground software.  Software assurance activities shall also be discussed in this plan.

The flight software development team will hold internal software reviews at appropriate times in the program and will notify the ST-5 Project as to where and when these reviews will be held. The developer will support and present status of the flight software requirements and flight software design at the hardware PDR and CDR, respectively.  The AETD and/or subcontractor will formally present the software requirements at the time of the Flight Software PDR, and will formally present the flight software design information at the time of the flight software CDR.  The software test readiness and acceptance shall be reported at the PER and PSR respectively.

The corrective action process shall start at the establishment of a Configuration Management (CM) baseline that includes the product, no later than Build 1.  In no case shall the use of the formal software corrective action process be delayed beyond the use of the software in hardware for which formal problem reporting is required.  The ST-5 Project shall be allowed access to the problem reports and the corrective action information as they are developed.

There are two levels of Software CM (SCM) in support of the ST-5 Project. The first level of SCM is during software development phase and is under SCM control by the Software Manager. The second level of CM is more formal and is under the direction and control of the project and takes place when the software is delivered to the project. The process of going from SCM to Project CM is a gradual transition and supports the increased formality resulting from a more mature software baseline. 

The software SCM system shall have a change classification and impact assessment process that results in Class 1 changes being forwarded to the ST-5 Project for disposition.  Class 1 changes are defined as major changes which affect mission requirements, system safety, reliability, cost, schedule, and external interfaces. All other changes are considered to be Class ll changes.

11.2
Quality System Augmentations
The Software Quality Management System (SQMS) shall be augmented as shown in the following numbered sections.  References are to paragraphs in ANSI/ISO/ASQC Q9000-3:-1991, which provides guidance on the development of a SQMS that is compliant with the ANSI/ASQC Q9001.

11.2.1
Augmentation to Paragraph 4.1.3, ANSI/ISO/ASQC Q9000-3, Joint Reviews
The Software Manager shall perform software independent peer reviews, code walkthroughs, and software code inspections in accordance with NASA-STD-1202-93 as needed during the software development phase.

There shall be a series of formal software reviews with software developer presentations of the review material.  The reviews shall be conducted by the ST-5 Project with a review panel that will include independent experts in software of the type being reviewed.  The formal reviews will consist of, as a minimum, a Software Requirements Review (SRR)/Preliminary Design Review (PDR), a Critical Design Review (CDR), software participation with Test Readiness Reviews (TRRs), and a Software Acceptance Review (SAR) that is conducted by the Software Manager. Systems Engineering Management shall ensure that minutes and action items are recorded and kept resulting from formal reviews. 

11.2.2
Augmentation to Paragraph 4.4, ANSI/ISO/ASQC Q9000-3, Corrective Action
The formal corrective action process shall start at the establishment of the Configuration Management (see 11.2.3) baseline that includes the product, and be conducted in accordance with Section 9.2. For ST-5 this shall be no later than acceptance of Build 1 of the flight software for in-house development.  In no case shall the use of the formal software corrective action process be delayed beyond the first instance of the software being delivered to test in order to verify software requirements. 
The ST-5 project office shall be allowed access to the problem reports and the corrective action information as they are developed upon request.

11.2.3
Augmentation to Paragraph 6.1, ANSI/ISO/ASQC Q9000-3, Configuration Management
A Software Configuration Management (SCM) baseline shall be established after each formal software build.  Informal control will be used on preliminary versions of all products before being placed under control in the formal SCM system.  The SCM system shall have a change classification and impact assessment process that results in Class 1 changes being forwarded to the ST-5 Project Office for disposition. 

11.2.4
Augmentation to Paragraph 5.7, ANSI/ISO/ASQC Q9000-3, Testing and Validation
A software performance validation matrix shall be prepared and maintained, to show each specification requirement, the reference source (to the specific paragraph or line item), the method of compliance, applicable procedure references, results, report reference numbers, etc.  This matrix, showing the current validation status shall be provided to the ST-5 Project office.  IV&V is not required for the ST-5 mission based on review of the NASA HQ SW IV&V criteria.
11.2.5
Augmentation to Paragraph 6.4, ANSI/ISO/ASOC Q9000-3, Measurements
A defined set of software metrics reports that provide insight into the quality of the software development processes and software products shall be provided to the ST-5 Project upon request.

11.3
GFE, Existing and Purchased Software
If existing or purchased software is used, then the flight software subsystem lead and/or subcontractor is responsible for the software meeting the functional, performance, and interface requirements placed upon it.  The subsystem lead and/or subcontractor is responsible for ensuring that the existing software meets all applicable standards, including those for design, code, and documentation.  Any significant modification to any piece of the existing software shall be subjected to all of the provisions of the software developer’s Product Development Plan and the provisions of this document.  A significant modification is defined as the change of twenty percent of the lines of code in the software. 

11.4
Software System Safety
A software safety analysis shall be conducted in accordance with EWR 127-1, section 3.16.  If any software component is identified as safety critical, the subsystem lead and/or subcontractor will conduct a software safety program. 

11.5
Status Reporting
Monthly status reports shall be provided as required by the Project Manager that provide management insight into software development progress, issues, problems, actions being taken, and schedules.

SECTION 12

GROUND DATA SYSTEMS ASSURANCE REQUIREMENTS
12.1
General
The Ground Data Systems subsystem lead and/or subcontractor shall have a Quality Management System (QMS) that is compliant with ANSI/ASQC Q9001 and shall provide an assurance plan.  The QMS shall be applied to ground data system software, firmware and hardware, ground support elements (simulators, etc.), key parameter and test checkout software, and any software developed under this project that is related to flight mission operations (ie. Command and Telemetry databases, script databases, etc.)  In-house efforts shall adhere to the GSFC Quality Management System (QMS).  For contracted efforts, the subcontractors Quality Manual shall be provided to the ST-5 Project for review and approval.  In all cases the development effort shall provide evidence (quality records) as insight to the quality of the developing software, and/or hardware, as evidence of application of QMS processes, and as status of assurance problems, safety issues and organizational/personnel change.  The quality records shall include any corrective actions, relating to ground system developments, recommended by QMS audits.

The Ground Data Systems subsystem lead and/or subcontractor shall work from a baselined set of ground system requirements for hardware and software.  The QMS representatives shall maintain open communications with GSFC quality representatives for the Project.  NASA/GSFC audits, when deemed necessary by the Project Manager, shall be performed to assure compliance of the QMS with ANSI/ASQC Q9001 and to assure that the QMS is applied to the contracted activities.

12.2
GFE, Existing and Purchased Software
Any software provided as government-furnished equipment (GFE) or use of existing or purchased software, is the responsibility of the provider for the software meeting the functional, performance, and interface requirements placed upon it. The subsystem lead and/or subcontractor is responsible for ensuring that the software meets all applicable standards, including those for design, code, and documentation, or for securing a ST-5 project waiver to those standards.  Any significant modification to any piece of the existing software will be subject to all of the provisions of the SQMS and the provisions of this document.  A significant modification is defined as the change of twenty percent of the lines of code in the software. 

12.3
Hardware
For fabrication of hardware, or the use of existing or COTS hardware, the supplier shall have ISO 9001 compliant procedures with appropriate quality records for tracking, inspection and test points.  The workmanship requirements of Section 5 shall be followed except for conformal coating (only flight hardware is to be conformal coated), or requests for waiver shall be presented to the ST-5 Project for approval.  For all hardware, a configuration list shall be maintained. 

12.4
Validation
The Validation Program of Section 4 shall apply to ground data systems except for environmental requirements.

12.5
Testing
A Software Test Plan shall be developed and submitted for ST-5 Project approval.  The plan shall show how tests, including hardware/software integration tests that will be done to demonstrate that the software meets its requirements.  The plan shall include the environment under which the test is to be conducted, the resources required, the data required for the test, the expected results, and any special operating conditions required.  The plan is to be updated as requirements are changed and shall be included as part of each review required.  The test plan shall also contain traceability to requirements.  The end-to-end architecture and interfaces shall be reviewed prior to coding.

Quality records shall be produced as a result of testing to document the validation of requirements.  The records shall reflect the test completed, conformance of the test results to the expected results, the number, type and criticality of the discrepancies found (see section 9.2 and 9.3), identification of the software tested, and an analysis of any performance requirements that the items tested could affect.

Testing shall include an end-to-end compatibility test to be conducted on all portions of the operational system, namely the payload, RF links, the operational software and the ground system.  The ground system testing should include the control center and the appropriate network elements in order to fully demonstrate operational compatibility, and the ability of the entire system to perform as required during the mission.  Other elements of compatibility testing include downlink, transmission, capture, level zero processing, distribution of science data and STS elements as appropriate.  The subsystem lead and/or subcontractor shall provide a Test Plan and Test Procedures.

After successfully completing the end-to-end compatibility test, data flow tests shall be performed on the total system in accordance with a realistic mission timeline, including external stimulus of the instruments and attitude control sensors, when practical.  Telemetry and command demonstrations shall be conducted, incorporating all the required equipment: appropriate network elements, communication links, ground stations, control center, and data processing facilities.  Once the data flow paths have been verified, mission simulations shall be held to validate nominal and contingency mission operating procedures and to provide for operator familiarization training.  In order to provide ample time for checkout of their control center software and hardware configurations, it is considered essential that users participate in mission simulations.

12.6
Failure Reporting and Corrective Action
The failure reporting and corrective action process shall start at the establishment of a Software Configuration Management (see Section 11.2.3) baseline that includes the product and shall continue until the software is retired from use.  In no case will the use of the formal software corrective action process be delayed beyond the use of the software in hardware for which formal problem reporting is required (see Sections 9.2 and 9.3)

A nonconformance report shall be written for any departure from design, performance, or testing that affects the function of ground system equipment.  Review/disposition/approval of nonconformance reports shall be in accordance with the GSFC NCR/CA system.  Subcontractor nonconformance reports shall be described in applicable procedure(s) and be included or referenced in their Quality Manual, which shall be approved by the ST-5 Project. 

12.7
Reviews
General design review requirements are stated in Section 3.  The subsystem lead and/or subcontractor shall also hold internal code walkthroughs to review coding standards and code implementation.  A ST-5 Project representative shall be invited to these reviews and timely notification shall be provided in advance of all upcoming reviews. 

12.8
Configuration Management
The subsystem lead and/or subcontractor will establish a Software Configuration Management (SCM) baseline after each formal software review defined in 11.2.1.  These reviews shall be coordinated to compliment the Project level reviews outlined in section 3.1.  Software products shall be placed under Configuration Management immediately after the successful conclusion of the review.  Informal control will be used on preliminary versions of all products before being placed under control in the formal SCM system.

The SCM system shall have a change classification and impact assessment process that results in Class 1 changes being forwarded to the ST-5 Project for disposition.  Class 1 changes are defined as those that affect system requirements, software requirements, system safety, reliability, cost, schedule, and external interfaces.  All changes to the operational configuration shall be approved via the ST-5 Project CCR process after CDR.  The launch configuration shall be frozen 6 months prior to launch.

12.9
Electromagnetic Compatibility Control
Hardware shall be reviewed to assess its risk to electromagnetic compatibility problems and the results provided to the ST-5 Project.   Identified risks shall require submission of an Electromagnetic Compatibility Control (EMC) Test Plan that identifies an effective EMC test program to retire this risk.  The plan shall include test requirements that will assure compatibility within each element, and within the Project’s facilities.  This program shall comply with the requirements found in MIL-STD-461C, Electromagnetic Emission and Susceptibility Requirement for Control of Electromagnetic Interference.

12.10
Reliability
Starting in the conceptual design stage, the subsystem lead and/or subcontractor shall develop reliability predictions for the system to assure requirements in the specification.  These models and predictions shall reflect applicable experience from previous programs and shall be revised as required by design evolution and as additional pertinent data become available.  Definitions of alternative and degraded operating modes shall also be considered.  Predictions shall be performed in close coordination with Failure Modes and Effects Analyses (see Section 8) on the same system elements.

The system shall be subjected to a failure free acceptance test of a minimum of 100 hours.  The subsystem lead and/or subcontractor shall provide the resources to create the test software, and hardware and test data, support testing operations, analyze results, and make corrections as required.

12.11
Software System Safety
The objective of the safety program is to verify that the operation of the ground system will not endanger life, property, adversely affect the operation of other ground systems or supported flight platforms.  The subsystem lead and/or subcontractor shall establish and identify procedures and instruction that will be used to execute all system safety analyses.  The system safety analyses shall assure that:

· SW complies with EWR 127-1, section 3.16

· safety is designed into the product

· known hazardous conditions which cannot be eliminated through equipment design or operational procedures are controlled or reduced to an acceptable level

If the analysis identifies any software component as safety critical, the developer will conduct a software safety program.

SECTION 13

RISK MANAGEMENT REQUIREMENTS

13.0
General 

Risk Management is a requirement established by the NPG 7120.5A, NASA Program and Project Management Processes and Requirements.  The ST-5 Project shall develop and implement a Project specific Continuous Risk Management Plan to aid in performing risk assessment and risk management across all Project disciplines and functional areas.  Continuous Risk Management applies to all software and hardware products and processes (flight and ground) in order to identify, analyze, plan mitigation actions, track, and control risks.


· 
· 
· 
· 
· 
· 
13.1
Continuous Risk Management Process

A detailed Continuous Risk Management (CRM) Process will be developed and documented for the ST-5 Project in the CRM Plan. The CRM process will closely follow the guidelines of NPG 7120.5A, NASA Program and Project Management Processes and Requirements Document. The basic functional steps that will be followed for the project's CRM process are:

· Identify
-
Identify risk issues and concerns

· Analyze
-
Evaluate (impact/severity, probability, time frame)

· Plan
-
Decide what, if anything, should be done about risk

· Track
-
Monitor risk metrics and verify/validate mitigation actions

· Control
-
Decide to replan mitigation or close risk

Communications and documentation will be utilized throughout all functional steps.

The CRM process will compliment the overall ST-5 Project Management and shall be an integral part of project management. The CRM process shall apply to NASA GSFC activities as well as contractor activities in support of the ST-5 Project. These activities include spacecraft all disciplines supporting the project. 

The CRM process will continue through completion of the project development phase, launch and operational support.  Project personnel will forecast and manage risks before they become problems. To the extent possible, ST-5 will utilize lessons learned from other NASA projects via the NASA Lessons Learned database in implementing the CRM process (lessons learned by the project will be entered into the NASA Lessons Learned Information System(LLIS)).  The CRM Plan once developed and baselined will be reviewed at least annually and updated as required the Project CM system to ensure that the process description remains current. 

13.2
CRM Identification

Risks may be derived from any area related to the ST-5 Project on-site or off-site.  They may be technical or programmatic. Examples of technical risk areas include:

· Inconsistent or incomplete requirements

· Design oversights

· Unproven technologies

· Interface or integration difficulties

· Unanticipated fault detection

· Unforeseen quality and/or safety issues

Technical risks may involve multiple technical disciplines (i.e., systems engineering, hardware and/or software engineering, integration & test, etc.).  Programmatic risks include all risks that are not technical by nature.  However, technical risks may include some attribute of a programmatic risk like impact to cost and/or schedule.  Primarily programmatic risks will involve management resources (cost and schedule), communications, and decisions.

13.3
CRM Tools

ST-5 CRM tools shall be defined in the CRM Plan and be used to support implementation of the plan. The tools include:

· CRM Training 
-
Formalized training scheduled with SATC

· Risk Information Sheet
-
Identifies risk and provides risk tracking
· Risk Management Database
-
Database for risk information
· Risk Action Item List
-
Provides progress/status and review
· Formal/Informal Meetings
-
CRM status as topic on agendas
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System Safety Program Requirements
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4.1
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General Environmental Verification Specification

for STS and ELV Payloads, Subsystems and Components (January 1990)

4.1
ST5-495-007
Spacecraft Specifications and Requirements Document



SECTION 5

5.1
NASA STD 8739.3
Soldered Electrical Connections

5.1
NASA STD 8739.4
Crimping, Interconnecting Cables, Harnesses,




And Wiring

5.1
NAS 5300.4 (3J-1)
Workmanship Standard for Conformal
Coating and Staking of Printed Wiring Boards and Electronic



Assemblies

5.1
NASA STD 8739.7
Requirements for Electrostatic Discharge Control

5.1
IPC 2221-2223
Design Requirements for Rigid Printed Wiring Boards and Assemblies

5.1
S-312-P003
Procurement Specification for Rigid Printed Boards for Space Applications and Other High Reliability Uses

5.1
Mil-P-55110
General Specification for Printing Wiring Boards
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6.0
GSFC PPL-21
GSFC Preferred Parts List

6.1.2
GSFC 311-INST-001
Instructions for EEE Parts Selection, Screening, and



Qualification

6.1.2
MIL-STD-975
NASA Standard Electrical, Electronic, and Electromechanical (EEE) Parts List

6.1.7
GSFC S-311-M-70
Specification for Destructive Physical Analysis (DPA)




SECTION 7

7.0
ASTM E-595
Standard Test Methods for Total Mass Loss and Collected Volatile Condensable Materials from Outgassing in a Vacuum Environment.

7.1.2.1
MSFC-SPEC-522B
Design Criteria for Controlling Stress Corrosion Cracking

7.1.7
GSFC S-313-100
Goddard Space Flight Center Fastener Integrity Requirements




SECTION 8

8.1.1

S-302-720
Performing a Failure Modes and Effects Analysis

8.1.2
MIL-HDBK-217F
Reliability Prediction of Electronic Equipment

SECTION 9

9.0
ANSI/ASQC
Quality Systems-Model for Q9001-1994: Quality Assurance in Design, Development, Production,



Installation, and Servicing

SECTION 10

10.3
NASA RP-1124
Outgassing Data for Selecting Spacecraft Materials

SECTION 11

11.2
ANSI/ISO/ASQC 
Quality Management and Quality Assurance 


Q9000-3; 1991
Standards- Guidelines for the Application of ANSI/ISO/ASQC Q9001 to the Development, Supply, and Maintenance of Software

SECTION 13

13.0
NPG 7120.5A
NASA Program and Project Management Processes and Requirements
EXHIBIT B

ACRONYMS

ACRONYMS

ABPL
As-Built Parts List

ANSI
American National Standards Institute

AR
Acceptance Review

ASQC
American Society for Quality Control 

ASIC
Application Specific Integrated Circuits

BOL
Beginning of Life

C
Celsius

CCP
Contamination Control Plan

CDR
Critical Design Review

CDRL
Contract Delivery Requirements List

CIL
Critical Items List

CPT
Comprehensive Performance Test

CVCM
Collected Volatile Condensable Mass

DoD
Department of Defense

DPA
Destructive Physical Analysis

DRP
Design Review Program

DRT
Design Review Team

EEE
Electrical, Electronic, and Electromechanical

ELV
Expendable Launch Vehicle

EMC
Electromagnetic Compatibility

EMI
Electromagnetic Interference

EOL
End of Life

FMEA
Failure Modes and Effects Analysis

FOR
Flight Operations Review

FRR
Flight Readiness Review

GEVS-SE
General Environmental Verification Specification for STS & ELV Payloads, Subsystems, and Components

GFE
Government-Furnished Equipment

GIA
Government Inspection Agency

GIDEP
Government Industry Data Exchange Program

GSE
Ground Support Equipment

GSFC
Goddard Space Flight Center

IAC
Independent Assurance Contractor

IAM
Interface Adapter Module

ICD
Interface Control Document

LPT
Limited Performance Test

MAG
Mission Assurance Guidelines

MCM
Multi-Chip Module

MOR
Mission Operations Review

MO&DSD
Mission Operations and Data Systems Directorate

MSFC
Marshall Space Flight Center

MUA
Materials Usage Agreement

NAS
NASA Assurance Standard

NASA
National Aeronautics and Space Administration

Nascom
NASA Communications Network

NHB
NASA Handbook

NSTS
National Space Transportation System

OMI
Ozone Monitoring Instrument

OSSMA
Office of Systems Safety and Mission Assurance

PAPL
Project Approved Parts List

PCB
Parts Control Board

PCP
Parts Control Plan

PDR
Preliminary Design Review

PER
Pre-Environmental Review

PFR
Problem/Failure Report

PI
Principal Investigator

PIL
Parts Identification List

POCC
Payload Operations Control Center

PPL
Preferred Parts List

PSR
Pre-Shipment Review

PWB
Printed Wiring Board

QCM
Quartz Crystal Microbalance

RFA
Request for Action

RH
Relative Humidity

SCC
Stress Corrosion Cracking

SCD
Source Control Drawing

SCM
Software Configuration Management

SCR
System Concept Review

SOW
Statement of Work

SRO
Systems Review Office

TML
Total Mass Loss

TR
Torque Ratio

EXHIBIT C

GLOSSARY

Acceptance Test:  The process that demonstrates that hardware is acceptable for flight.  It also serves as a quality control screen to detect deficiencies and is normally used to provide the basis for delivery for an item under terms of a contract.

Assembly:  A functional subdivision of a component, consisting of parts or subassemblies that perform functions necessary for the operation of the component as a whole.  Examples are a power amplifier and a gyroscope.

Audit:  A review of the contractors or subcontractors documentation or hardware to verify that it complies with project requirements.

Critical:  A potential failure effect which would result in a significant (as defined by the project) performance degradation of an item of hardware or a mission.

Collected Volatile Condensable Material (CVCM):  The quantity of outgassed matter from a test specimen that condenses on a collector maintained at a specific constant temperature for a specified time.

Component:  A functional subdivision of a subsystem, generally a self-contained combination of items performing a function necessary for the subsystem's operation.  Examples are transmitters, gyro packages, actuators, motors, batteries.

Configuration:  The functional and physical characteristics of parts, assemblies, equipment of systems, or any combination of these which are capable of fulfilling the fit, form and functional requirements defined by performance specifications and engineering drawings.

Configuration Management: The systematic control and evaluation of all changes to baseline documentation and subsequent changes to that documentation which define the original scope of effort to be accomplished (contract and reference documentation) and the systematic control, identification, status accounting, and verification of all configuration items.

Derating:  The reduction of the rating of a device to improve reliability or to permit operation at high ambient temperatures.

Designated Representative:  An individual (such as a NASA plant representative), firm (such as an assessment contractor), Department of Defense (DOD) plant representative, or other government representative designated and authorized by NASA to perform a specific function of NASA.  As related to the contractor's effort, this may include evaluation, assessment, design review participation, and review/approval of certain documents or actions.

Destructive Physical Analysis (DPA):  An internal destructive examination of a finished part or device to assess design, workmanship, assembly, and any other processing associated with fabrication of the part.

Electromagnetic Compatibility (EMC):  The condition that prevails when various electronic devices are performing their functions according to design in a common electromagnetic environment.

Electromagnetic Interference (EMI):  Electromagnetic energy that interrupts, obstructs, or otherwise degrades or limits the effective performance of electrical equipment. 

Failure:  See Nonconformance.

Failure Modes, Effects Analysis (FMEA):  The study of a system and working interrelationships or its elements to determine ways in which failures can occur (failure modes),and effects of each potential failure on the system element in which it occurs.

Functional Tests:  The operation of a unit in accordance with a defined operational procedure to determine whether performance is within the specified requirements.

Hardware:  Physical items of equipment.  As used in this document, there are two major categories of hardware as follows:

1.
Non Flight Hardware:  Development hardware not intended to fly, or hardware of flight design but found to be of unsuitable quality for flight use, or hardware intended for use on the ground.


a.
Prototype Hardware:  Hardware of a new design that is subject to a design qualification test program, but is not intended for flight.

2.
Flight Hardware:  Hardware to be used operationally in space.  It includes flight instruments (experiments) and/or spacecraft hardware.


a.
Protoflight Hardware:  Flight hardware of a new design that is subject to a test program, by exposure to design qualification levels and durations equivalent to a flight acceptance test program.


b.
Follow-On Hardware:  Flight hardware built in accordance with a design that has been qualified either as prototype or as protoflight hardware; follow-on hardware is subject to a flight acceptance test program.


c.
Space Hardware:  Hardware that has been proven in a design qualification test program and that is subject to a flight acceptance test program and that is used to replace flight hardware which is no longer acceptable for flight.


d.
Reflight Hardware:  Flight hardware that has been used operationally in space and is to be reused in the same way; the verification program to which it is subject depends on its past performance, current status, and the upcoming mission.

Inspection:  The process of measuring, examining, gauging, or otherwise comparing an article or service with specified requirements.

Instrument:  A subsystem consisting of sensors and associated hardware for making measurements or observations in space.  The flying portion of a flight experiment.

Margin:  The amount by which hardware capability exceeds requirements.

Monitor:  To keep track of the progress of a performance assurance activity.  The person monitoring need not be present at the scene during the entire course of the activity, but will review resulting data or other associated documentation (see Witness).

Nonconformance:  A condition of any hardware, software, material, or service in which one or more characteristics do not conform to requirements.  As applied in quality assurance, nonconformances fall into two categories -- discrepancies and failures.  A discrepancy is a departure from specification that is detected during inspection or process control testing, etc., while the hardware or software is not functioning or operating.  A failure is a departure from specification that is discovered in the functioning or operation of the hardware or software.

Part:  A hardware element that is not normally subject to further subdivision or disassembly without destruction of designed use.  Examples are bolts, diodes, resistors, etc.

Performance Verification:  Determination by test, analysis, or a combination of the two that the spacecraft can operate as intended in a particular mission.  This includes being satisfied that the design of the spacecraft or element has been qualified and that the particular item has been accepted as true to the design and ready for flight operations.

Qualification:  The process of demonstrating that a given design and manufacturing approach will produce hardware that will meet all performance specifications when subjected to defined conditions more severe than those expected to occur during its intended use.

Redundancy (of design): The use of more than one independent means of accomplishing a given function.

Repair:  The article is to be modified by established (customer approved where required) standard repairs or specific repair instructions which are designed to make the article suitable for use, but which will result in a departure from the original specification.

Rework:  Return for completion of operations per drawing.  The article is to be reprocessed to conform to the original specifications or drawings.

Single Point Failure: A single element of hardware, which if it fails, would result in the loss of mission objectives or the hardware, as defined for the specific application or project for which a single point failure analysis is performed.

Spacecraft:  An integrated assemblage of subsystems designed to perform a specified mission in space.

Subassembly:  A subdivision of an assembly.  Examples are wire harnesses and populated printed circuit boards.

Subsystem:  A functional subdivision of a spacecraft consisting of two or more components.  Examples are attitude control, electrical power subsystems, and instruments.

Thermal Balance Test: A test conducted to verify the adequacy of the thermal design and the capability of the thermal control system to maintain thermal conditions within established mission limits.

Total Mass Loss (TML): Total mass of material outgassed from a specimen that is maintained at a specified constant temperature and operating pressure for a specified time.

Verification:  See Performance Verification.

Vibroacoustics:  An environment induced by high-intensity acoustic noise associated with various segments of the flight profile, it manifests itself throughout the payload in the form of directly transmitted acoustic excitation and as structure-borne random vibration excitation.

Witness:  A personal, on-the-scene observation of a performance assurance activity with the purpose of verifying compliance with project requirements.  (see Monitor).

Common Terms not included in MAR:
Catastrophic:  A potential failure effect that would result in complete loss of an item of hardware or a mission or result in serious injury to personnel.  e.g., loss of ability to recover science data would be catastrophic to an instrument mission.

Configuration Control: The systematic evaluation, coordination, and formal approval/disapproval of proposed changes and the implementation of all approved changes to the design and production of an item, the configuration of which has been formally approved by the contractor or by the purchaser, or both.

Design Specification: Generic designation for a specification, which describes functional and physical requirements for an article, usually at the component level or higher levels of assembly.  In its initial form, the design specification is a statement of functional requirements with only general coverage of physical and test requirements.  The design specification evolves through the project life cycle to reflect progressive refinements in performance, design, configuration, and test requirements.  In many projects the end-item specifications serve all the purposes of design specifications for the contract and items.  Design specifications provide the basis for technical and engineering management control.

Discrepancy:  See Nonconformance.

Effectivity:  The point (in configuration evolution) at which a change or action becomes applicable to the hardware or software.

Electromagnetic Susceptibility: Undesired response by a component, subsystem, or system to conducted or radiated electromagnetic emissions.

End-to-End Tests: Tests performed on the integrated ground and flight system, including all elements of the payload, its control, communications, and data processing to demonstrate that the entire system is operating in a manner to fulfill all mission requirements and objectives.

Similarity, Verification By: A procedure of comparing an item verified.  Configuration, test data, application and environment shall be evaluated.  It shall be determined that design differences are insignificant, environmental stress will not be greater in the new application, and that manufacturer and manufacturing methods are the same.

Temperature Cycle: A transition from some initial temperature condition to temperature stabilization at one extreme and then to temperature stabilization at the opposite extreme and returning to the initial temperature condition.

Temperature Stabilization: The condition that exists when the rate of change of temperatures has decreased to the point where the test item may be expected to remain within the specified test tolerance for the necessary duration or where further change is considered acceptable.
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