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Chapter 1. Requirement Foundation & Scope

1.0 Purpose
The purpose of this Mission Assurance Requirements (MAR) document is to prescribe the applicable Safety and Mission Assurance (SMA) requirements for the Ice, Cloud, and Land Elevation Satellite (ICESat-2) Project and ICESAT-2 developers. The Goddard Space Flight Center (GSFC) is responsible for the management and implementation of the ICESAT-2 Program for NASA.  GSFC in turn has designated the ICESAT-2 Project GSFC as the authoritative project organization responsible for ICESAT-2.  The term “developer(s)”, when referred to herein, is defined as the ICESAT-2 Mission Element Providers (i.e., spacecraft, ATLAS, MOCC, Etc.). Specific distinction is provided as necessary.

---------------       TBD --  ICESat-2 Image----------------------

1.1 Scope  

The scope of this MAR applies to each developer as stated herein for the development of space flight hardware and any ground support equipment (GSE) that interfaces with flight hardware, instrument or spacecraft. For subsystems, and subcontracted items, the ICESAT-2 Project and its developers shall ensure flow-down of applicable MAR requirements to suppliers as appropriate and establish a process to verify compliance. This may necessitate defining a tailored subset of the MAR requirements appropriate to the complexity or criticality of the item being procured.

The developer is required to plan and implement an organized Systems Safety, Reliability, and Mission Assurance Program that encompasses: 
1. All flight hardware, either designed/built/provided by the developer or furnished by GSFC, from project initiation through launch and mission operations. 

2. The ground system and its support equipment that interfaces with flight equipment to the extent necessary to assure the functional and flight integrity of flight items, including health and safety. 

3. All software critical for mission success. 

4. Mechanical and electrical Ground Support Equipment (GSE) and associated software that directly interfaces with flight deliverable items.

The developer shall apply this MAR to its contractors and subcontractors.
1.2 APPLICABLE DOCUMENTS  

TBD.

1.3 ACRONYMS AND GLOSSARY
See Appendix A.

Chapter 2. Mission Assurance Controls 
2.0 RISK MANAGEMENT
2.0.1 General

The developer shall document and implement a risk management plan (DID 7-1).

2.0.2 Risk List

The developer shall prepare and maintain a risk list (DID 7‑2).
2.1 SYSTEMS REVIEWS
2.1.1 Systems Reviews

The developer shall participate in the implementation of the Integrated Independent Review Program as required by GSFC-STD-1001 and the ICESat-2 Systems Review Plan, Number- TBD.

The developer shall provide a review agenda, presentation materials, and a copy of reference materials at the reviews (DID 8-1).

The developer shall submit responses to review action items (DID 8-2).

2.1.2 Peer Reviews

The developer shall prepare and implement an engineering peer review program that covers the design, development, and testing of hardware and software (DID 8-3).
2.2 DEliverables
The Contract Data Requirements List (CDRL) identifies Data Item Descriptions (DID) for deliverables.  The developer shall deliver data items per the requirements of the applicable DID.  The developer shall perform work in accordance with the following definitions:

· Deliver for approval:  The GSFC Project approves the deliverable within the specified period of time before the developer proceeds with the associated work.

· Deliver for review:  The GSFC Project reviews the deliverable and provides comments with the specified period of time before the developer proceeds with the associated work.  The developer can continue with the associated work while preparing a response to the GSFC comments unless directed to stop work.

· Deliver for information:  For GSFC Project information only.  The developer continues with the associated work.

2.3 Surveillance

The work activities, operations, and documentation performed by the developer or his suppliers shall be subject to evaluation, review, audit, and inspection by government-designated representatives from the ICESAT-2 Project, the Government Inspection Agency, or an independent assurance contractor. The evaluation shall be consistent with the allowance to make maximum use of existing practices and procedures and/or meeting the intent of the ICESAT-2 MAR. If practical, the ICESAT-2 Project will delegate in-plant responsibilities and authority to specifically designated organizations or representatives via a letter of delegation or letter of assignment.

The developers of software and hardware shall grant access for National Aeronautics and Space Administration (NASA) and NASA assurance representatives to conduct an audit, assessment, or survey upon notice.  The developer shall supply documents, records, equipment, and a work area within the developer’s facilities.

Note:  see Federal Acquisition Regulations (FAR) Parts 46.103, 46.104, 46.202-2, 46.4, and 46.5 for government quality assurance requirements at contractor facilities.  See FAR Part 52.246 for inspection clauses by contract type.
2.4 Configuration Management Controls

2.4.1 Document Control

TBD
The developer shall prepare, maintain, and submit an end item acceptance data package (DID 16-1).

2.4.2 Product ControlS

2.4.2.1 CONTROL OF CUSTOMER-SUPPLIED PRODUCT

The developer shall establish and maintain documented procedures for the control of verification, storage, and maintenance of customer-supplied product provided for incorporation into the supplies or for related activities. Any such product that is lost, damaged, or is otherwise unsuitable for use shall be recorded and reported to the customer. 
2.4.2.2 PRODUCT IDENTIFICATION AND TRACEABILITY

The developer shall establish and maintain documented procedures for identifying the product by suitable means from receipt and during all stages of production, delivery, and installation. 

Where and to the extent that traceability is a specified requirement, the developer shall establish and maintain documented procedures for unique identification of individual product or batches. This identification shall be recorded. 

2.4.2.3 HANDLING, STORAGE, PACKAGING, PRESERVATION, & DELIVERY 

The developer shall establish and maintain documented procedures for handling, storage, packaging, preservation, and delivery of product. The developer shall provide methods of handling product that prevent damage or deterioration. The developer shall use designated storage areas or stock rooms to prevent damage or deterioration of product, pending use or delivery. The developer shall control packing, packaging, and marking processes to the extent necessary to ensure conformance to specified requirements. The developer shall apply appropriate methods for preservation and segregation of product when the product is under the developer’s control. The developer shall arrange for the protection of the quality of product after final inspection and test. Where contractually specified, this protection shall be extended to include delivery to destination.

2.4.3 Product PROCESSing CONtrol

The developer shall identify and plan the production, installation, and servicing processes, which directly affect quality and shall ensure that these processes are carried out under controlled conditions. 
2.4.3.1 Trend Analysis
The developer shall prepare and maintain a list of subsystem and components to be assessed, parameters to be monitored, and trend analysis reports as defined in the approved PRA and Reliability Program Plan.  The developer shall begin the monitoring, collection, and analysis at component acceptance testing and continue through the system integration and test phases for performance, safety, health and mission success assurance.
2.4.4 CORRECTIVE AND PREVENTIVE ACTION COntrol 

The developer shall establish and maintain documented procedures for implementing corrective and preventive action. Any corrective or preventive action taken to eliminate the causes of actual or potential nonconformities shall be to a degree appropriate to the magnitude of problems and commensurate with the risks encountered. The developer shall implement and record any changes to the documented procedures resulting from corrective and preventive action. 
2.4.5 DESIGN CONTROL

The developer shall establish and maintain documented procedures to control and verify the design of the product in order to ensure that the specified requirements are met. 

2.4.6 INSPECTION AND TESTING CONTROL

The developer shall establish and maintain documented procedures for inspection and testing activities in order to verify that the specified requirements for the product are met. The required inspection and testing, and the records to be established, shall be detailed in the product implement plans or documented procedures. 

2.4.7 INSPECTION AND TEST STATUS CONTROL

The inspection and test status of product shall be identified by suitable means, which indicate the conformance or nonconformance of product with regard to inspection and tests performed. The identification of inspection and test status shall be maintained, as defined in the quality plan and/or documented procedures, throughout production, installation, and servicing of the product to ensure that only product that has passed the required inspections and tests is dispatched, used, or installed. 

Chapter 3. Safety, Reliability, & Mission Assurance Requirements
3.0 Systems Safety and Mission Assurance Program 

3.0.1 Management

The developer shall designate a manager for assurance activities.  The manager shall have direct access to management that is independent of project management and functional freedom and authority to interact with all elements of the project
3.0.2 Safety, Reliability & Mission Assurance Program Implementation
3.0.2.1 Requirements Flowdown

The developer shall apply this MAR to its contractors and subcontractors.
The developer supporters shall have a Quality Management System that is compliant with the requirements of SAE AS9100 Quality Systems - Aerospace - Model for Quality Assurance in Design, Development, Production, Installation and Servicing.  The developer shall provide a copy of the Quality Manual to the government (DID 2‑1).
3.0.2.2 Planning
The Mission Assurance Implementation Plans (MAIPs) prepared and implemented by suppliers in accordance with their Statement of Works (DID 1-1A) meets the intent of this requirements document.  The MAIP shall cover:

· All flight hardware and software that is designed, built, or provided by the developer and its subcontractors or furnished by the government, from project initiation through launch and mission operations

· The ground system that interfaces with flight equipment to the extent necessary to assure the integrity and safety of flight items

· The ground data system
The Product Assurance Implementation Plans (PAIPs) prepared and implemented by internal NASA sources (e.g. GSFC ATLAS development Team) in accordance with their Statement of Work (DID 1-1B) meets the intent of this requirements document.  The PAIP shall cover:

· An overview of the developer's plan for accomplishing the assurance activities required by this MAR.

· A specific and detailed description of how the performance assurance requirements are to be accomplished. Reference documents that provide the required details shall be submitted with the PAIP.

· A list of any unmet requirements of the MAR (i.e., workmanship standards) including supporting rationale and details of the developer's alternate approach, if any, to meet the specific MAR requirement shall be provided.

3.0.2.3 Suspension of Work Activities

The developer shall direct the suspension of any work activity that presents a present hazard (per NPR-TBD), imminent danger, or future hazard to personnel, property, or mission operations resulting from unsafe acts or conditions that are identified by inspection, test, or analysis.

3.1 SAFETY

3.1.1 General

The developer shall document and implement a system safety program in accordance with NASA Procedural Requirement (NPR) 8715.3 NASA Safety Manual, NPR 8715.7 Expendable Launch Vehicle Payload Safety Program, launch service provider requirements, and launch range safety requirements (DID 3-1). 
Specific safety requirements include the following:

· The developer shall incorporate three inhibits in the design (dual fault tolerant) if a system failure may lead to a catastrophic hazard.  A catastrophic hazard is defined as a condition that may cause death or a permanent disabling injury or the destruction of a major system or facility on the ground or of the vehicle during the mission. 

· The developer shall incorporate two inhibits in the design (single fault tolerant if a system failure may lead to a critical hazard.  A critical hazard is defined as a condition that may cause a severe injury or occupational illness to personnel or major property damage to facilities, systems, or flight hardware.    

· The developer shall adhere to specific detailed safety requirements, including compliance verification that must be met for design elements with hazards that cannot be controlled by failure tolerance.  These design elements, e.g., structures and pressure vessels, are called "Design for Minimum Risk" areas.

3.1.2 Mission Related Safety Requirements Documentation

The developer shall implement launch range requirements.  The most stringent applicable safety requirement shall take precedence in the event of conflicting requirements.

ELV Eastern Test Range (ETR) or Western Test Range (WTR) Missions
· AFSPCMAN 91-710, “Range Safety User Requirements”

· KNPR 1710.2, “Kennedy Space Center Safety Practices Procedural Requirements”

· NASA-STD-8719.14, “Process for Limiting Orbital Debris”

· NPR 8715.3, “NASA General Safety Program Requirements”

· NPR 8715.6A, “NASA Procedural Requirements for Limiting Orbital Debris”

· NPR 8715.7, “Expendable Launch Vehicle Payload Safety Program”

· Facility-specific Safety Requirements, as applicable

· NSS 1740.12, “Safety Standard for Explosives, Propellants, and Pyrotechnics”
· TBD

Japanese Missions
· AFSPCMAN 91-710, “Range Safety User Requirements” as negotiated with JAXA and GSFC OSSMA

· JMR 002, “Launch Vehicle Payload Safety Requirements”

· KDP-99105, “Safety Guide for H-II/H-IIA Payload Launch Campaign”
European Missions
· AFSPCMAN 91-710, “Range Safety User Requirements” as negotiated by each project with ESA and GSFC SMA Directorate

· ECSS-E-10A, “Space Engineering – System Engineering”

· ECSS-Q-40-02A, “Space Product Assurance – Hazard Analysis”

· ECSS-Q-40, “Space Product Assurance: Safety”

· CSG-RS-09A-CN, “Centre Spatial Guyanais (CSG) Safety Regulations Volumes and Parts List”

· CSG-RS-10A-CN, “Centre Spatial Guyanais (CSG) Safety Regulations Vol. I:  General Rules”

· CSG-RS-21A-CN, “CSG Safety Regulations Vol. 2 Pt. 1:  Specific Rules: Ground Installations”

· CSG-RS-22A-CN, “CSG Safety Regulations Vol. 2 Pt. 2:  Specific Rules: Spacecraft”

· CSG-RS-33A-SE, “CSG Safety Regulations Vol. 3 Pt. 3: Substantiation and Data Sheets Concerning Payloads”

3.1.3 Payload Integration Facility Requirements

The developer shall document and implement procedures compliant with 500-PG-8725.1.2 safety requirements when performing integration and test activities and pre-launch activities at the spacecraft contractor site (DID 3‑2).  The developer shall provide safety support for hazardous operations at the launch site.
3.1.4 System Safety Deliverables

3.1.4.1 Safety Requirements Compliance Checklist

The developer shall prepare a Safety Requirements Compliance Checklist to demonstrate that the payload is in compliance with NASA and range safety requirements (DID 3-3).  Noncompliances to safety requirements will be documented in waivers and submitted for approval.

3.1.4.2 Analyses Documentation
3.1.4.2.1 Preliminary Hazard Analysis – The developer shall document Preliminary Hazard Analyses (PHA) (DID 3-4)
3.1.4.2.2 The developer shall meet the safety requirements of NASA-STD-8719.9 Standard for Lifting Devices and Equipment apply when NASA-owned or NASA contractor-supplied equipment is used in support of NASA operations at NASA installations.

The developer shall meet the safety requirements of NASA-STD-8719.9 Standard for Lifting Devices and Equipment when performing NASA work at contractor facilities.

3.1.4.2.3 Operating and Support Hazard Analysis – The developer shall document Operating and Support Hazard Analyses (O&SHA) to evaluate activities for hazards introduced during pre-launch processing and to evaluate the adequacy of operational and support procedures used to eliminate, control, or mitigate hazards (DID 3-6).

3.1.4.2.4 Software Safety Analysis – The developer shall perform and document (DID 3-7) Software Safety Analyses to demonstrate that adequate inhibits and controls are incorporated to eliminate or mitigate hazards associated with software.
3.1.4.2.5 Missile System Pre-Launch Safety Package (MSPSP) – The developer shall prepare an integrated MSPSP (DID 3-7).
3.1.4.2.6 Verification Tracking Log - The developer shall prepare, implement, and maintain a Verification Tracking Log (VTL) (DID 3-8).

3.1.4.3 Safety Waivers

The developer shall submit Safety Waivers or Deviations for variations to the applicable safety requirements (DID 3-9) to project office.
3.1.4.4 Mishap Reporting and Investigation

The developer shall prepare a contingency plan (DID 3-11).  The developer shall report mishaps, incidents, and close calls per NPR 8621.1 NASA Procedures and Guidelines for Mishap Reporting, Investigating, and Recordkeeping.

3.1.4.5 Range Safety Forms

The developer shall prepare the following:


· Material Selection List for Plastic Films, Foams, and Adhesive Tapes (DID 3‑12)

· Radiation forms/analysis (DID 3-13)

· Process Waste Questionnaire (DID 3-14)

· Environmental Impact Statements (DID 3-15)

3.2 RELIABILITY

3.2.1 Risk Assessment and Reliability Program Plan

The Developer shall prepare and implement a PRA and Reliability Program Plan using both qualitative and quantitative techniques to support decisions regarding mission success and safety throughout system development.  The developer shall present the implementation of these plans and related activities at milestone reviews beginning with the Developer’s System Requirements Review (DID 4-1).

3.2.2 Analyses & Deliverables

3.2.2.1 Probablistic Risk Assessment (PRA)
The developer shall support the project team’s effort to perform a simplified PRA (DID 4-2), identifying major mission risk contributors as well as safety risks. Mission upgrade to Class B will require revision to this requirement.
3.2.2.2 Failure Modes and Effects Analysis (FMEA) and Critical Items List (CIL)

The developer shall perform a FMEA and prepare and maintain a CIL for severity categories 1, 1R, 1S, 2, and 2R per Table 4.1 (DID 4-3) to the black box (or circuit block diagram) level.  The developer shall analyze single point failure modes resulting in severity categories 1, 1R, 1S, 2, or 2R to determine the root cause, corresponding mitigation actions, and retention rationale.  The developer shall address flight hardware and software that is designed, built, or provided by their organization or subcontractors, from project initiation through launch and mission operations.  The developer shall address the ground system that interfaces with flight equipment to the extent necessary to assure the integrity and safety of flight items.  The developer shall identify and address safety critical software, as defined in NASA-STD-8719.13.  Mission upgrade to Class B will require revision to this requirement.
Table 4.1 Severity Categories

	Category
	Severity
	Description

	1
	Catastrophic
	Failure modes that could result in serious injury, loss of life (flight or ground personnel), or loss of launch vehicle.

	1R
	
	Failure modes of identical or equivalent redundant hardware or software elements that could result in Category 1 effects if all failed.

	1S
	
	Failure in a safety or hazard monitoring system that could cause the system to fail to detect a hazardous condition or fail to operate during such condition and lead to Category 1 consequences.

	2
	Critical
	Failure modes that could result in loss of one or more mission objectives as defined by the GSFC project office.

	2R
	
	Failure modes of identical or equivalent redundant hardware or software that could result in Category 2 effects if all failed.

	3
	Significant
	Failure modes that could cause degradation to mission objectives.

	4
	Minor
	Failure modes that could result in insignificant or no loss to mission objectives


3.2.2.3 Fault Tree Analysis

The developer shall perform qualitative fault tree analyses to address mission failures and degraded modes of operation and shall perform quantitative fault tree analyses to address undesirable fault propagation scenarios as part of the PRA (DID4-4).  The developer shall identify and address safety critical software as defined in NASA-STE-8719.13 that is identified as part of the FMEA process.
3.2.2.4 Parts Stress Analysis

The developer shall perform parts stress and derating analyses for electrical, electronic, and electromechanical (EEE) parts in accordance with GSFC INST-EEE-002 (DID 4-5).
3.2.2.5 Worst Case Analysis

The developer shall perform worst case analyses for circuits (DID 4-6) as required to support PRA, parts stress, and FMEA/CIL analysis. Mission upgrade to Class B will require revision to this requirement.
3.2.3 Reliability Assessments and Predictions

The developer shall perform comparative numerical reliability assessments and reliability predictions (DID 4‑7) to support FME/CIL, PRA, trades, and design efforts..

3.2.3.1 Reliability Analysis of Test Data

The developer shall use data from the test program to assess reliability and identify potential or existing problem areas.

3.2.3.2 Analysis of Test Results

The developer shall document the analysis of test information, trend data, and failure investigations with respect to reliability and report the results as defined in the approved PRA and Reliability Program Plan.

3.2.3.3 Limited Life Items

The developer shall prepare and implement a plan to identify and manage limited life items (DID 4-8).

3.3 Quality Assurance Requirements

3.3.1 Control of Nonconforming Product

Control of Nonconforming Product – The developer shall have a documented closed loop system for identifying, reporting, and correcting nonconformance(s).  The system will ensure that positive corrective action is implemented to preclude recurrence, that objective evidence is collected, and that the adequacy of corrective action is determined by audit or test.
3.3.2 Use of Previously Developed Product

The developer shall document the compliance of previously developed product with the requirements of the MAIP (DID 1-2).

3.3.3 Material Review Board (MRB)

Material Review Board (MRB) – The developer shall have a documented process for the establishment and operation of a MRB to process nonconformances, including the definitions of major and minor nonconformances.  The developer shall appoint a MRB chairperson who is responsible for implementing the MRB process and functional and project representatives as MRB members.  The developer shall inform the government of MRB actions (DID 2-2).

The MRB will use the following disposition actions:
· Scrap — the product is not usable

· Re-work — the product will be re-worked to conform to requirements

· Return to supplier — the product will be returned to the supplier

· Repair — the product will be repaired using a repair process approved by the MRB

· Use as is — the product will be used as is

The developer shall submit a waiver to requirements for government approval for a use-as-is disposition involving a major nonconformance (DID 2-3).

3.3.4 Reporting of Anomalies

The developer shall have a documented process for reporting anomalies/problems compatible with being ported to GSFC PR/PFR system.  The developer shall report hardware anomalies/problems beginning with the first application of power at the component level, software anomalies beginning with first use of the flight build software, and mechanical system anomalies beginning with the first operation (DID 2-4).
3.4 SOFTWARE Quality ASSURANCE (FLIGHT AND GROUND SEGMENTS)
3.4.1 Applicable Requirements

The developer shall comply with the following for software and firmware, hereafter collectively referred to as software:

· NPR 7150.2 NASA Software Engineering Requirements

· NASA-STD-8719.13 NASA Software Safety Standard

· NASA-STD-8739.8 NASA Standard for Software Assurance

· ISO/CMMI - TBD

Complex Programmable Logic Devices (CPLD) - TBD

3.4.2 Software Quality Assurance

The developer shall prepare and implement a software quality assurance plan for software, including government off-the-shelf software (GOTS), modified off-the-shelf software (MOTS), and commercial off-the-shelf software (COTS) (DID 5‑1).  The developer shall identify the person responsible for directing and managing the software quality assurance program.

3.4.3 Verification and Validation

The developer shall prepare and implement aVerification and Validation (V&V) program plan to ensure that the software satisfies functional and performance requirements (DID 5-2).

Independent Verification & Validation (IV&V) - TBD

3.4.4 Reviews

The developer shall conduct and document periodic reviews, audits, and assessments of the software development process and products.  In addition to the reviews specified in Section 8, the developer shall provide advance notification to the project office of the following software reviews:

· Test Readiness Review

· Acceptance Review

· System level safety reviews per NPR-TBD

3.4.5 Software Configuration Management

The developer shall prepare and implement a software configuration management plan (DID 5-3).

3.4.6 Government Furnished Equipment (GFE), Existing, and Purchased Software

The developer shall ensure that software provided as GFE, existing, and purchased meets the functional, performance, and interface requirements.  The developer shall ensure that the software meets applicable standards, including those for design, code, and documentation.

3.4.7 Version Description Documents (VDD)

The developer will prepare VDDs that identify and document the version of the computer software configuration items (CSCIs) and other deliverable items that comprise the software build or release, including changes since the last VDD was issued (DID 5-4).

3.4.8 Surveillance of Software Development

The developer shall provide the following:

· Access to the software discrepancy reporting system, either through remote means or paper copies

· Access to the software documentation (management plans, assurance plans, configuration management plans, design plans)

· Access to the software review results

· Access to the corrective actions from process and product audits

· Notification of engineering peer reviews (e.g., code reviews)

· Access to review action item status and resolution

· Software status report (DID 5‑5)

3.5 Environmental
3.5.1 Orbital Debris Assessment
The developer shall prepare an Orbital Debris Assessment (ODA) (DID 3-10)
3.5.2 NEPA/EA - TBD

3.5.3 Disposal- TBD

3.6 PARTS
3.6.1 General

The developer shall plan and implement a parts control program (PCP) per the Level 2 requirements of GSFC EEE-INST-002 (DID 11-1).

3.6.2 Parts Control Board

The developer shall establish a parts control board (PCB) that is responsible for the planning, management, and coordination of the selection, application, and procurement requirements of EEE parts (DID 11-2).

3.6.3 EEE Parts Lists

The developer shall develop and maintain EEE parts lists.

3.6.4 Parts Identification List (PIL)

The developer shall prepare a list of EEE parts that are proposed for use in flight hardware and approved by the PCB (DID 11-3).

3.6.5 Project Approved Parts List (PAPL)

The developer shall prepare a list of EEE parts that are approved for use in flight hardware by the PCB (DID 11-4).

3.6.6 As-designed Parts List (ADPL)

The developer shall prepare a list of EEE parts that are used in the design of flight hardware (DID 11-5).

3.6.7 As-built Parts List (ABPL)
The developer shall prepare a list of EEE parts that are used in the flight hardware (DID 11-6).

3.7 MATERIALS AND PROCESSES
3.7.1 General

The developer shall prepare and implement a materials and processes selection, implementation, and control plan per the requirements of NASA-STD-6016 (DID 12-1).

3.7.2 Life Test Plan for Lubricated Mechanisms

The developer shall prepare and implement a life test plan for lubricated mechanisms (DID 12-2).

3.7.3 Materials Usage Agreement (MUA)

The developer shall prepare materials usage agreements (DID 12-3).

3.7.4 Materials Identification and Usage List (MULA)

The developer shall prepare a materials identification and usage list (DID 12-4).

3.7.5 Nondestructive Evaluation (NDE) Plan

The developer shall prepare and implement a nondestructive evaluation plan for the procedures and specifications used in the inspection of materials (DID 12-5).

3.7.6 Printed Wiring Board Test Coupons

The developer shall provide printed wiring board test coupons to the GSFC or to a GSFC approved facility for analysis (DID 12-6).  The developer shall not use printed wiring boards until the analysis results are received.

3.7.7 Lead-free and Tin Whisker Control 
The developer shall meet the requirements of GEIA-STD-0005-1 and GEIA-STD-0005-2 for solders and surface finishes that are less than 3% lead by weight.

· GEIA –STD-0005-1: Performance Standard for Aerospace and High Performance Electronics Systems Containing Lead-free Solder

· GEIA-STD-0005-2: Standard for Mitigating the Effects of Tin Whiskers in Aerospace and High Performance Electronic Systems

Chapter 4. BEST PRACTICES PROGRAMS

4.0 workmanship

The developer shall implement a workmanship program to assure that electronic packaging technologies, processes, and workmanship meet mission objectives for quality and reliability per the requirements of the following standards:

· NASA-STD-8739.1 Workmanship Standard for Staking and Conformal Coating of Printed Wiring Boards and Electronic Assemblies

· NASA-STD-8739.2 Surface Mount Technology

· NASA-STD-8739.3 Soldered Electrical Connections

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

· NASA-STD-8739.5 Fiber Optic Terminations, Cable Assemblies, and Installation

· IPC-2221 Generic Standard on Printed Board Design

· IPC-2222 Sectional Design Standard for Rigid Organic Printed Boards

· IPC-2223 Sectional Design Standard for Flexible Printed Boards

· IPC-2225 Sectional Design Standard for Organic Multichip Modules (MCM-L) and MCM-L Assemblies

· IPC A-600 Acceptability of Printed Boards (Class 3 requirements)

· IPC-6011 Generic Performance Specification for Printed Boards (Class 3 requirements)

· IPC-6012 Qualification and Performance Specification for Rigid Printed Boards (Class 3/A requirements)

· IPC-6013 Qualification and Performance Specification for Flexible Printed Boards (Class 3 requirements)

· IPC-6015 Qualification and Performance Specification for Organic Multichip Module (MCM-L) Mounting and Interconnecting Structures

· IPC-6018 Microwave End Product Board Inspection and Test

· ANSI/ESD S20.20 For the Development of an Electrostatic Discharge Control Program for – Protection of Electrical and Electronic Parts, Assemblies and Equipment (Excluding Electrically Initiated Explosive Devices)

4.1 Design and Process Qualification

The developer shall qualify designs and processes that are not covered by the above standards.

4.2 Electrostatic Discharge Control (ESD)
The developer shall prepare and implement an ESD control program that conforms to the requirements of ANSI/ESD S20.20 (DID 10-1).

4.3 CONTAMINATION CONTROL
4.3.1 Contamination Control Plan
The developer shall prepare and implement a contamination control program (DID 13-1).

4.4 METROLOGY AND CALIBRATION
4.4.1 Metrology and Calibration Program

The developer shall plan and implement a documented metrology and calibration program.  The developer shall comply with ANSI/NCSL Z540.1-1994 Calibration Laboratories and Measuring and Test Equipment – General Requirements.

4.4.2 Use of Non-calibrated Instruments
The developer shall limit the use of non-calibrated instruments to applications where substantiated accuracy is not required and for indication-only purposes in non-hazardous, non-critical applications.

4.5 GIDEP ALERTS AND PROBLEM ADVISORIES
4.5.1 Government-Industry Data Exchange Program (GIDEP)

The developer shall participate in GIDEP per the GIDEP Operations Manual S0300-BT-PRO-010 and GIDEP Requirements Guide S0300-BU-GYD-010 (Note: these documents are available through http://www.gidep.org).

4.5.2 Reviews

The developer shall review the following, hereafter referred to collectively as Alerts, for affects on NASA products:  GIDEP Alerts; GIDEP SAFE-ALERTS; GIDEP Problem Advisories; GIDEP Agency Action Notices; NASA Advisories and component issues as distributed by the project office.

4.5.3 Actions

The developer shall take action to eliminate or mitigate the effects of Alerts on NASA products.

4.5.4 Reporting
The developer shall report the results of Alert reviews and actions taken (DID 15-1).

The developer shall prepare and submit failure experience data reports per the requirements of S0300-BT-PRO-010 and S0300-BU-GYD-010 whenever failed or nonconforming items that are available to other buyers are discovered.

The developer shall report significant EEE parts, materials, and safety problems (DID 15-2).

Chapter 5. GROUND SYSTEMS AND EQUIPMENT
5.0 General

The developer shall prepare and implement a mission assurance implementation plan for ground systems equipment to assure the function and integrity of flight items (DID 6-1).

5.1 Ground Support Equipment

The developer shall document and implement a ground support equipment program for flight and ground operations products (DID 6-2)

5.2 Flight Operations Ground Support Equipment

The developer shall prepare and implement a program to design, build, and test the ground support equipment for launch and flight operations (DID 6-3).
Chapter 6. SYSTEM PERFORMANCE VERIFICATION
6.0 System Performance Verification Program Plan

The developer shall plan and implement a system performance verification program per the requirements of GSFC-STD-7000 General Environmental Verification Standard (DID 9-1).

6.1 Environmental Verification Plan

The developer shall prepare and implement an environmental verification plan (DID 9-2).

6.2 System Performance Verification Matrix

The developer shall prepare and maintain a system performance verification matrix (DID 9-3).

6.3 Environmental Test Matrix

The developer shall prepare and maintain an environmental test matrix (DID 9-4).

6.4 Verification Reports

The developer shall prepare and submit verification reports (DID 9-5).

6.5 System Performance Verification Report
The developer shall prepare and submit system performance reports (DID 9-6).

Appendix A: Acronyms and Definitions

I.  ACRONYMS

	ABPL
	As-Built Parts List

	ABML
	As-Built Materials List

	ANSI
	American National Standards Institute

	ASIC
	Application Specific Integrated Circuits

	ASQ
	American Society for Quality

	ASTM
	

	BB
	Ball Bearing

	BGA
	Ball Grid Array

	BOL
	Beginning of Life

	CAGE
	Commercial and Government Entity Code 

	CCB
	Configuration Control Board

	CCP
	Contamination Control Plan

	CDR
	Critical Design Review

	CIL
	Critical Items List

	CM
	Configuration Management

	CONR
	Confirmation Review

	COTR
	Contracting Officer’s Technical Representative

	CPT
	Comprehensive Performance Test

	CVCM
	Collected Volatile Condensable Mass

	DID
	Data Item Description 

	DoD
	Department of Defense

	DPA
	Destructive Physical Analysis

	EWR-127-1
	Range Safety Requirement

	EDU
	Engineering Development Unit

	EEE
	Electrical, Electronic, and Electromechanical

	ELV
	Expendable Launch Vehicle

	EMC
	Electromagnetic Compatibility

	EMI

ESD
	Electromagnetic Interference

Electrostatic Discharge

	FMEA
	Failure Modes and Effects Analysis

	FOR
	Flight Operations Review

	FRB
	Failure Review Board

	FTA
	Fault Tree Analysis

	FRR
	Flight Readiness Review

	GEVS
	General Environmental Verification Specification

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

	GFE
	Government-Furnished Equipment

	GFM
	Government Furnished Material

	GIDEP
	Government Industry Data Exchange Program

	GSE
	Ground Support Equipment

	GSFC
	Goddard Space Flight Center

	I&T
	Integration and Test

	ISO
	International Standards Organization

	IV&V
	Independent Verification and Validation

	LRR
	Launch Readiness Review

	LWS
	Living With a Star

	MAE
	Material Assurance Engineer

	MAR
	Mission Assurance Requirements

	MCP
	Multi-Chip Module

	MIL
	Materials Identification List

	MOR
	Mission Operations Review

	MRB
	Material Review Board

	MRR
	Mission Readiness Review

	MSFC
	Marshall Space Flight Center

	MUA
	Materials Usage Agreement

	NAS
	NASA Assurance Standard

	NASA
	National Aeronautics and Space Administration

	NHB
	NASA Handbook

	NRCA
	Nonconformance Reporting and Corrective Action

	NSTS
	National Space Transportation System

	OSSMA
	Office of Systems Safety and Mission Assurance

	PAIP
	Performance Assurance Implementation Plan

	PAPL
	Project Approved Parts List

	PMPCB
	Parts, Materials and Processes Control Board

	PCP
	Parts Control Plan

	PDR
	Preliminary Design Review

	PER
	Pre-Environmental Review

	PHA
	Preliminary Hazard Analysis

	PIL
	Parts Identification List

	PIND
	Particle Impact Noise Detection

	PPL
	Preferred Parts List

	PRA
	Probabilistic Risk Assessment

	PSR
	Pre-Shipment Review

	PWB
	Printed Wiring Board

	QCM
	Quartz Crystal Microbalance

	QMS
	Quality Management System

	SAM
	Systems Assurance Manager

	SB
	Sleeve Bearing

	SCC
	Stress Corrosion Cracking

	SCM
	Software Configuration Management

	SCR
	System Concept Review

	SOW
	Statement of Work

	SQE
	Software Quality Engineer

	SQMS
	Software Quality Management System

	SMA
	Safety and Mission Assurance

	SRO
	Systems Review Office

	SRR
	Software Requirements Review

	STS
	Space Transportation System (Shuttle)

	TML
	Total Mass Loss

	TRR
	Test Readiness Review

	V&V
	Verification and Validation


II.  DEFINITIONS

The following definitions apply within the context of this document: 

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

Audit:  A review of the developer’s or sub developer’s documentation or hardware to verify that it complies with project requirements. 

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. 

Comprehensive Performance Test (CPT): The operation of a unit in accordance with a defined operational procedure to verify that performance is compliant with all parameters of the specified requirements.  CPTs are performed at major project milestones and serve as a quality control screen to detect deficiencies, establish performance baselines, identify subtle changes, and provide accumulated data for trending analyses. 

Configuration:  The functional and physical characteristics of the payload and all its integral parts, assemblies and systems that are capable of fulfilling the fit, form and functional requirements defined by performance specifications and engineering drawings. 

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

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. 

Contamination:  The presence of materials of molecular or particulate nature, which degrade the performance of hardware. 

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. 

Derating:  The reduction of the applied load (or 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 assessment developer), Department of Defense (DOD) plant representative, or other government representative designated and authorized by NASA to perform a specific function for NASA.  As related to the developer’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. 

Design Qualification Tests: Tests intended to demonstrate that the test item will function within performance specifications under simulated conditions more severe than those expected from ground handling, launch, and orbital operations.  Their purpose is to uncover deficiencies in design and method of manufacture.  They are not intended to exceed design safety margins or to introduce unrealistic modes of failure.  The design qualification tests may be to either “prototype” or “protoflight” test levels. 

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, which interrupts, obstructs, or otherwise degrades or limits the effective performance of deliverable hardware. 

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, stimulation, communications, and data processing to demonstrate that the entire system is operating in a manner to fulfill all mission requirements and objectives. 

Failure:  A departure from specification that is discovered in the functioning or operation of the hardware or software.  

Failure Modes and Effects Analysis (FMEA): A procedure by which each credible failure mode of each item from a low indenture level to the highest is analyzed to determine the effects on the system and to classify each potential failure mode in accordance with the severity of its effect. 

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

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

Level of Assembly: The environmental test program as defined by the GEVS-SE generally starts at the component or unit-level assembly and continued hardware/software build through the system level (referred to in GEVS-SE as the payload or spacecraft level).  The assurance program includes the part level.  Validation testing may also include testing at the assembly and subassembly levels of assembly; for test record keeping these levels are combined into a “subassembly” level.  The validation program continues through launch, and on-orbit performance.  The following levels of assembly are used for describing test and analysis configurations: 

a. Part:  A hardware element that is not normally subject to further subdivision or disassembly without destruction of design use.  Examples include resistor, integrated circuit, relay, connector, bolt, and gaskets.

b. Subassembly:  A subdivision of an assembly.  Examples are wire harness and loaded printed circuit boards.

c. 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 gyroscope.

d. Component: A functional subdivision of a subsystem and generally a self-contained combination of items performing a function necessary for the subsystem’s operation.  Examples are electronic box, transmitter, gyro package, actuator, motor, and battery. 

e. Section:  A structurally integrated set of components and integrating hardware that form a subdivision of a subsystem, module, etc.  A section forms a testable level of assembly, such as components/units mounted into a structural mounting tray or panel-like assembly, or components that are stacked.

f. Subsystem:  A functional subdivision of a payload consisting of two or more components.  Examples are structural, attitude control, electrical power, and communication subsystems.  Also included as subsystems of the payload are the science instruments or experiments.

g. Instrument:  A spacecraft subsystem consisting of sensors and associated hardware for making measurements or observations in space.  

h. Module:  A major subdivision of the payload that is viewed as a physical and functional entity for the purposes of analysis, manufacturing, testing, and record keeping.  Examples include spacecraft bus, science payload, and upper stage vehicle.

i. Payload:  An integrated assemblage of modules, subsystems, etc., designed to perform a specified mission in space.  For the purposes of this document, “payload” and “spacecraft” are used interchangeably.  Other terms used to designate this level of assembly are Laboratory, Observatory, and satellite.

j. Spacecraft:  See Payload.  Other terms used to designate this level of assembly are Laboratory, Observatory, and satellite.

Limited Life Items: Space flight hardware (1) that has an expected failure-free life that is less than the projected mission life, when considering cumulative ground operation, storage and on-orbit operation, (2) limited shelf life material used to fabricate flight hardware. 

Margin:  The amount by which hardware capability exceeds mission requirements

Nonconformance:  A condition of any hardware, software, material, or service in which one or more characteristics do not meet 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. 

Offgassing:  The emanation of volatile matter of any kind from materials into a pressurized volume. 

Outgassing:  The emanation of volatile materials under vacuum conditions resulting in a mass loss and/or material condensation on nearby surfaces. 

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

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

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

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. 

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

Thermal-Vacuum Test: A test conducted to demonstrate the capability of the test item to operate satisfactorily in vacuum at temperatures based on those expected for the mission.  The test, including the gradient shifts induced by cycling between temperature extremes, can also uncover latent defects in design, parts, and workmanship. 

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. 

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. 

Workmanship Tests: Tests performed during the environmental validation program to verify adequate construction of a test item.  It is often necessary to impose stresses beyond those predicted for the mission in order to uncover defects.  Thus random vibration tests are conducted specifically to detect bad solder joints, loose or missing fasteners, improperly mounted parts, etc.  Cycling between temperature extremes during thermal-vacuum testing and the presence of electromagnetic interference during EMC testing can also reveal the lack of proper construction and adequate workmanship. 
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