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A-Crew, Robotics, Avionics, and Vehicle Equipment (CRAVE) – Unrestricted

SECTION C - DESCRIPTION/SPECIFICATION/WORK STATEMENT

________________________________________________

Crew, Robotics, Avionics and Vehicle Equipment (CRAVE)
C.1      STATEMENT OF WORK
1.0 INTRODUCTION

This document describes the type of work required to perform advanced studies; analysis; design, development, testing, manufacturing, and evaluation (DDTM&E); and sustaining engineering (SE) necessary to certify, deliver and maintain Extravehicular Activity (EVA) equipment, Flight Crew Equipment (FCE), Crew Health and Conditioning Systems (CHeCS), Extravehicular Robotics (EVR) equipment, Environmental Control and Life Support (ECLSS) equipment, Active Thermal Control Systems (ATCS) equipment, Avionics Equipment, and ground support equipment (GSE) necessary to support these systems.  These categories will subsequently be referred to as Crew, Robotics, Avionics, and Vehicle Equipment (CRAVE).  The products and services provided in this Statement of Work (SOW) will support the Space Shuttle Program (SSP), the International Space Station Program (ISS), Constellation Program (CxP), and other advanced development programs.  Sustaining engineering for existing projects within these programs will also be performed.  This effort includes the labor, material, equipment, and facilities to accomplish the activities required by this contract.

The contractor shall provide all program, business management, engineering, technical, and administrative skills necessary to accomplish the objectives and outcomes described within this contract.  The contractor shall perform the services and deliver the products described in this Statement of Work (SOW), in addition to the contract terms and conditions, applicable documents, Data Requirements Descriptions (DRDs), Data Requirements List (DRL), and other plans and sections contained within this contract and as directed through authorized DOs.  When the term “and/or” is used it means one, or the other, or any combination.
2.0 SCOPE OF WORK

The Engineering Directorate (EA) at the National Aeronautics and Space Administration (NASA) Johnson Space Center (JSC) is responsible for providing flight and non-flight mechanical, electrical/electronic hardware and software elements to the SSP, ISS, and CxP as Government Furnished Equipment (GFE).  The activities to be performed under this contract in the development of these GFE products for EA include, but are not limited to, advanced studies, analysis, DDTM&E and sustaining engineering of the following:
· EVA tools and equipment including, but not limited to:  EVA hooks, safety tethers, foot restraints, workstations, tool management hardware, lights, ratchets, sockets, power tools, torque equipment and other crew aids and tools.  Activities for advanced development EVA expected to be part of this contract include development of lunar tools, equipment, and hardware to maintain and refurbish that equipment as well as development of other advanced human spaceflight EVA projects.

· Special studies and technology development for advanced EVA including space suit, crew survivability, and space suit to vehicle interfaces. 

· EVR equipment and associated software, including, but not limited to:  dexterous hands, arms, manipulators, and end effectors, robotic workstations, including telepresence equipment, robotic mobile platforms, automated free-flying camera or instrument platforms, robotic handling interfaces, tools and targets, crew safety devices such as the Simplified Aid for EVA Rescue (SAFER) and robotic ground simulation systems.  Additional systems will include power management, power generation, and power storage systems, vision systems, hazard avoidance systems, suspension systems, dust tolerant electrical connectors, drive trains, dust mitigation systems, and rover wheel development. 
· ECLSS equipment, including, but not limited to:  water transfer hardware such as connectors, hoses, and liquid containers; detection equipment for hazardous chemicals such as hydrazine; emergency breathing equipment including masks, hoses, and tanks; water recovery systems; air revitalizations systems; galley food processing equipment; and water metering equipment. 
· ATCS equipment including, but not limited to:  active thermal control and payload cold stowage hardware such as:  evaporators, radiators, coldplates, payload interface coolant subsystems, actively powered freezer and transport systems, un-powered (Passive) freezers and transport systems, hardware associated with stowing science samples, and ATCS associated crew aids and Personal Protection Equipment (PPE).  The activities will include design, fabrication and/or testing of coolant interface subsystems, coolers and related systems, cold boxes, heat exchangers, phase change and desiccant materials and packaging, sample containers, related soft goods and supporting hardware.  Activities will also include integration associated with launching powered freezers on shuttle or other vehicles, real time operations, launch and landing support, and maintenance and sustaining engineering of inventory.  
· Flight Crew Equipment including, but not limited to:  housekeeping equipment, softgoods, and consumables to support routine cleaning and trash collection; restraints and mobility aids for EVA such as handrails, stowage equipment, and foot restraints; crew provisioning items to support nominal work and personal activities such as: clothing; hygiene; crew requests; personal items; and entertainment.  Tools and diagnostics equipment such as:  maintenance work hardware; Intravehicular Activity (IVA) tools and test equipment used to support routine maintenance and identification of failed systems, the isolation of failures, and the replacement of defective devices.  
· CHeCS product types include flight packaging for Commercial Off The Shelf (COTS) medical equipment; design, test, analysis, and as-built documentation for new or modified COTS physical conditioning equipment; design, test, analysis, as-built documentation for modified COTS medical equipment, flight qualified and certified medical equipment, flight qualified and certified physical conditional equipment; design, test, analysis, and as-built documentation for new or modified COTS environmental monitoring equipment necessary to assure crew health; and flight qualified and certified environmental monitoring products.  
· Design and manufacturing of protoflight, qualification and flight avionics equipment such as radiation detectors, AC/DC and DC/DC power supplies, wireless networks, radio frequency identification systems, control systems, and other avionics components and systems.  
· Other hardware items that are not specifically identified above but are in the general category of the GFE groupings.  These items and the documentation required will be identified in the DO solicitations.
Additional activities to be performed under this contract include the manufacturing, delivery, maintenance, and sustaining engineering of existing designs for each of the categories of equipment listed for which the Government has manufacturing rights.

2.1 GENERAL OVERVIEW

Work will be authorized for this contract through the issuance of DOs.  The DO solicitation will define the detailed programmatic and technical requirements specific to a particular activity.  The work processes and procedures that shall be used to satisfactorily complete GFE and flight products are documented and located in the CRAVE Technical Library and/or with the DO solicitation.  The contractor can offer changes to the general requirements following the Engineering Change Control process defined in EA-WI-027, “Configuration Management Requirements.” 

Disclosure of any pre-existing proprietary data intended for use on the DO will be required prior to award and issuance of the DO.  Similarly, disclosure of proprietary data deemed necessary to perform activities on the DO discovered after issuance of the DO will also be required.  

The contractor shall furnish the personnel, equipment, materials, resources, and facilities necessary to perform any, or all of the following activities: advanced studies, design, development, test, evaluation, manufacturing, delivery, maintenance, storage, repair and the sustaining engineering of the GFE hardware and software products.

The following requirements shall be met by the contractors performing activities on the DOs unless otherwise specified in the DO:
2.1.1 The contractor shall provide support of Government-managed design, development, test, manufacture, evaluation, delivery, maintenance, repair and sustaining engineering activities for the hardware and/or software component(s) or system(s).

2.1.2 The contractor shall employ innovations, if appropriate, that promote improvements in the overall efficiency and economy within all areas of responsibility defined in this SOW.  
2.1.3 The contractor should consider utilizing COTS hardware/software in the design of the hardware/system whenever the COTS hardware meets design, safety, maintainability, cost, and schedule requirements. 
2.1.4 The contractor shall perform flight GFE activities in accordance with the JSC Engineering Directorate work instruction EA-WI-023, “Project Management of GFE Flight Projects,” unless otherwise specified in the DO.  

2.1.5 When electrical/electronic hardware and subsystems require the design/development of software or firmware, these activities shall be performed in accordance with EA-WI-025, “GFE Flight Project Software and Firmware Development,” unless otherwise specified in the DO.  

2.1.6 Configuration management of these activities shall be performed in accordance with EA-WI-027, “Configuration Management Requirements,” unless otherwise specified in the DO.  

2.1.7 Any contractor exceptions to NASA governing documents (such as EA-WI-023) shall be submitted for review and approved by NASA.  

2.1.8 All handling, processing, or testing of Class I, II, IIIW, or GSE hardware at the contractor’s facility, prior to acceptance by the Government, shall be documented using a work authorization document such as a Task Performance Sheet (TPS), traveler, etc. that provides full traceability of all work performed on the hardware. 
2.1.9 Procurement of electrical, electronic, and electromechanical (EEE) parts shall meet the requirements of EV-077, “Acquisition and Acceptance of Flight Electrical, Electronic, and Electromechanical Parts.”  EEE parts shall be selected in accordance with following documents: SSP 30312, “Electrical, Electronic, and Electromechanical (EEE) and Mechanical Parts Management and Implementation Plan for Space Station” for ISS, MF0004-002, “Electrical Design Requirements for Electrical Equipment Utilized on the Space Shuttle Vehicle” for SSP, and CEV-T-027, “Electrical, Electronic, and Electromechanical Parts Management and Implementation Plan,” for CxP.  Requirements specified in the DO shall take precedence over these documents. 
2.2 DESIGN AND ANALYSIS REQUIREMENTS OVERVIEW

The contractor shall perform design and analysis activities for mechanical and electrical/electronics hardware and related software as specified in the DO.  All designs produced under this contract shall comply with the requirements of JPR 8080.5, “JSC Design and Procedural Manual.”  Exemplary activities include, but are not limited to, the following:

· Support NASA in the development of hardware and software project requirements.  

· Develop conceptual layouts and perform engineering and feasibility studies.  

· Perform preliminary design and analysis of mechanical and electrical/electronic components, systems and subsystems.  

· Perform detail design and analysis of mechanical and electrical/electronic components, systems and subsystems. 

· Perform detailed design and analysis of software in support of electrical/electronic components, systems and subsystems.  

· Perform hazard analysis as required on deliverable hardware and software.
· Perform failure modes and effects analysis as required on deliverable hardware and software. 
2.3 FABRICATION AND ASSEMBLY REQUIREMENTS OVERVIEW

The contractor shall perform the following fabrication and assembly activities specified in the DO.  Exemplary activities include, but are not limited to, the following:
· Fabricate and assemble prototype and non-flight mechanical and electrical/electronic components, systems and subsystems.  

· Fabricate and assemble prototype, qualification and flight, mechanical and electrical/electronic components, systems and subsystems.  

· Write, deliver, and certify software programs in support of electrical/electronic components, systems and subsystems.  

· Maintain and repair space flight mechanical and electrical/electronic components, systems and subsystems.  

2.4 TESTING REQUIREMENTS OVERVIEW

The contractor shall perform testing as specified in the DO.  The contractor shall test mechanical and electrical/electronics components, subsystems and integrated assemblies.  Testing of hardware and software systems and components may be subjected to, but not limited to, the following test environments:

· Vibration/Dynamic

· Acoustic Vibration 

· Thermal

· Thermal Vacuum

· Electro-Magnetic Interference (EMI)
· Ionizing Radiation

· Pressure Systems

· Cabin Air Flow

· Leak Rate Testing

· Structural Verification

· Functional Testing

· Software Testing

· Human Factors

· Microgravity

APPLICABLE DOCUMENTS

Applicable documents are listed in Attachment J-11.  All listed documents are applicable to the extent specified here-in.  When there are conflicts between the listed documents and the requirements of this SOW, the SOW shall take precedence.  The contractor shall utilize the latest revision of the documents at the time an applicable DO is issued.

3.0 FUNCTIONAL REQUIREMENTS

The scope of work for each end product will be specified in the DO.  The effort required to complete the DO will require all or some subset of the activities described below.  EA-WI-023 establishes the processes and objectives of these activities, and its application will be tailored for each DO.  Alternate forms or additional documentation may be required and will be specified in the DO.
3.1 DESIGN AND ANALYSIS
3.1.1 Hardware/Software Project Requirements Definition

The contractor shall support NASA in the development of hardware and/or software project requirements necessary to complete the conceptual and preliminary designs.  These requirements are derived from the mission goals and objectives and from top-level performance requirements.  Mission goals and objectives and top-level performance requirements will be specified in the DO or in the Project Technical Requirements Specification (PTRS) or other requirements documents.  Additionally, the contractor will be given the related validation and verification (V&V) documents necessary to meet the mission and safety needs.  These verification and validation documents outline which tests are to be completed by the contractor as to what test will be performed, what method will be used, etc. If specified by the DO, the contractor shall develop the requirements document and the V&V documents from the top-level requirements specified in the DO. 

The hardware/software project requirements and V&V documents shall include, but not be limited to, those requirements associated with function, performance, testing, operations, interfaces, facilities, environment, assembly and installation, hardware and software integration, materials and processes, quality assurance, S&MA, structural integrity, logistics and reporting.

A Systems Requirements Review (SRR) data package shall be submitted and conform to the guidelines in the DRD titled “Systems Requirements Review (SRR) Data Package,” unless otherwise specified in the DO.  If specified in the DO, the contractor shall present the requirements at an SRR as defined in EA-WI-023.  The location of the SRR will be specified in the DO or be determined by mutual agreement among project participants.

The following table describes the products that are required to be available at the SRR.  This table is derived from EA-WI-023 and will be tailored for each DO.
Table 1 Example SRR Products
	Product/Documentation
	Version

	Configuration Management Plan
	Final Release

	Project Requirements and Verification Document (PRVD)
	Review Release (requirements portion only)

	Interface Control Documents
	Review Release of functional characteristics only

	Software Development Plan
	Final Release


The Configuration Management Plan shall be developed per the requirements in the DRD titled “Configuration Management Plan.”  Also, the Project Requirements and Verification Document (PRVD) shall be prepared per the DRD titled “Project Requirements & Verification Document (PRVD).”  Additionally, the Interface Control Document (ICD) shall be prepared per the DRD titled “Interface Control Document.”  Lastly, the Software Development Plan (SDP) shall be prepared using the DRD titled “Software Development Plan (SDP).”  

3.1.2 Conceptual Design and Analysis

The contractor shall develop hardware and/or software design concepts and approaches (i.e., conceptual designs) and shall perform preliminary analyses to demonstrate concept feasibility, support concept down-select, and/or trade design options.  The conceptual design end-products may consist of functional requirements for mechanical and electrical/electronic components, systems and subsystems; functional requirements for software, preliminary drawings, sketches, layouts, diagrams, schematics, and conceptual mockups; supporting analyses, trade studies, and feasibility assessments; and cost and schedule estimates for hardware/software design, fabrication and installation.  The contractor shall also show the feasibility of designing and fabricating the proposed hardware and software along with the most probable design, fabrication and verification approach.  The contractor shall be required to present the conceptual design and analysis results to NASA, unless otherwise specified in the DO.

3.1.3 Preliminary Design

The contractor shall develop the hardware and/or software preliminary designs to support design down-select and establish a baseline design.  The preliminary design process may consist of creation of the following products: engineering layouts and analyses; hardware/software designs, drawings and/or schematics; fabrication and installation approaches; detailed equipment requirements; any special test or handling requirements; and cost and schedule estimates for the remaining project effort.  The fabrication of breadboard, brassboard, prototype, or engineering units of the proposed design may be required as part of the preliminary design process.

Preliminary designs shall comply with the detailed equipment requirements and describe the main components, configurations, limitations, characteristics and modes of operation.  A Preliminary Design Review (PDR) package shall be submitted and conform to the guidelines in DRD titled “Preliminary Design Review (PDR) Data Package” unless otherwise specified in the DO.  The contractor shall be required to present the design at PDR.  The PDR will occur at JSC, or the contractor’s facility, or another location as specified in the DO.

The PDR data package shall include equipment requirements in the form of a preliminary End Item Specification (EIS) and/or preliminary Software Design Document (SDD), unless otherwise specified in the DO.  The EIS shall be prepared per the DRD titled “End Item Specification (EIS).”  Similarly, the SDD shall be prepared per the DRD titled “Software Design Document (SDD).”  For EVA projects, the detailed equipment requirements shall be provided in the form of a preliminary Certification and Acceptance Requirements Document (CARD).

A partial listing of the documentation products that are to be provided in the PDR data package are identified in the table below (a full listing of the documentation is identified in DRD titled “Preliminary Design Review (PDR) Data Package”).  Additional documentation products above those identified in the DRD will be added through DO direction.

The following table describes the products that are required to be available at the PDR.  This table is derived from EA-WI-023 and will be tailored for each DO.

Table 2 Example PDR Products
	Product/Documentation
	Version

	Project Requirements and Verification Document (PRVD)
	First Review Release (verification plan content)

	Interface Control Documents
	First Review Release of detailed specification

	End Item Specification
	First Review Release

	Software Requirements Specification
	Review Release

	Engineering Drawings
	Preliminary Release (~ 10%)

	Verification and Validation Document
	First Review Release of plan content

	Software Design Document
	First Review Release

	Safety Data Package (Risk Assessment Executive Summary Report (RAESR))
	Phase 1 Final Release which includes the preliminary hazard analysis and failure modes & effects analysis.

	Design Analysis Report
	First Review Release


The Software Requirements Specification shall be prepared per the DRD titled “Software Requirements Specification (SRS).”  The Design Analysis Report shall be prepared per the DRD titled “Design Analysis Report.”

3.1.4 Detailed Design

The contractor shall develop the hardware and/or software detailed designs to establish the final design to be used for manufacture, testing, certification, and operations.  As part of the detailed design, the contractor shall provide final, detailed drawings and/or schematics, including assembly drawings suitable for fabrication and assembly of hardware and a drawing tree that shows the relationship of the GFE end item to the assembly, sub-assembly and the piece parts.  All drawings shall be in the Pro-E format suitable for inclusion into the JSC Design and Data Management System (DDMS).  Electrical and electronic schematics shall be provided in the Altium format, unless otherwise specified in the DO.  The contractor shall also provide fully parameterized solid models, including assembly drawings, in a Pro-E readable format, unless otherwise specified in the DO.  Drawing formats, practices, naming conventions for solid models and drawings, and configuration management shall be performed in accordance with JPR 8500.4, “Engineering Drawing System Manual.”  Drawings shall be formatted in accordance with DRD titled “Engineering Drawings.”  All final drawings and subsequent drawing revisions will be approved by the Government before hardware fabrication begins.  

The contractor shall either:  (1) deliver released drawings directly through the JSC Engineering Drawing Control Center (EDCC) or (2) deliver drawings and associated files developed in their drawing system as specified in the DO.  The contractor drawing system must be compliant with JPR 8500.4 “Engineering Drawing Systems Manual.”  If the contractor is delivering to the EDCC, the contractor shall have a system in place similar to the JSC system for configuration management prior to delivery that has been approved by Contracting Officer’s Technical Representative (COTR).  The Government will approve all top assembly drawings and schematics as specified in the DO.

The contractor shall provide detailed designs at the Critical Design Review (CDR) that may consist of the creation of the following products:  Detailed fabrication and assembly drawings; detailed schematics; detailed engineering analyses; hardware and software specifications and other documents as required; certification requirements; computer files generated from Computer Aided Design (CAD); Finite Element Analysis (FEA); and contractor written source codes and executable programs.  The CDR data package shall be submitted by the contractor and shall conform to the guidelines in the DRD titled “Critical Design Review” unless otherwise specified in the DO.  The contractor may be required, if specified in the DO, to present the detailed design at the CDR.  The CDR will occur at JSC, the contractor’s facility, or another location as specified in the DO.

The CDR data package shall include final Interface Control Documents (ICDs) or Interface Requirements Drawings (IRDs) as specified in the DO.  The ICDs or IRDs shall be in a format ready for submittal to the appropriate governing Control Board.  Types of interfaces documented shall include, but not be limited to, hardware, software, electrical, and material compatibility.
The CDR data package shall include detailed equipment specifications in the form of an End Item Specification (EIS) and/or SDD.  The detailed equipment specifications and test requirements for EVA projects shall be provided in the form of a CARD.  Other GFE project specification documents will be defined in EA-WI-023.  In addition, the contractor shall prepare a plan for the sustaining of the GFE hardware/system based on the information shown in paragraph 3.4 of this SOW.

A partial listing of the documentation products that are provided in the CDR data package are identified in the table below (a full listing is identified in the DRD titled “Critical Design Review (CDR) Data Package”).  The final versions of the preliminary documents presented at PDR are to be available.  Additional documentation products above those identified in the DRD will be added through issuance of DOs.  This table is derived from EA-WI-023 and will be tailored for each DO.

Table 3 Example CDR Products
	Product/Documentation
	Version

	Project Requirements and Verification Document (PRVD)
	Second Review Release (updated verification plan content)

	Interface Control Documents
	Second Review Release of detailed specifications

	End Item Specification
	Second Review Release

	Engineering Drawings
	Preliminary Release (~ 90%)

	Verification and Validation Document
	Second Review Release of plan content

	Software Design Document
	Second Review Release

	Safety Data Package (which includes the preliminary hazard analysis and failure modes & effects analysis for Phase 1 and a final version for Phase 2&3) 
	Phase 2 Final Release 

	Design Analysis Report
	Second Review Release


Upon completion of the CDR, the design of the hardware/software shall be under configuration control and any changes to the requirements or design that deviate from the material submitted during CDR shall be submitted to the flight hardware DO Manager for approval.  The contractor shall be required to present all changes to the appropriate JSC Configuration Control Board (CCB).  The contractor can offer changes to the general requirements following the Engineering Change Control process defined in Section 2.1 of EA-WI-027, “Configuration Management Requirements.”

3.1.5
Safety and Reliability Analysis
The contractor shall provide analysis verifying that the detailed hardware and/or software design is safe and reliable for mission, vehicle, personnel and facilities.  The contractor shall meet all applicable safety and reliability design requirements as defined JSC 17481, “Safety Requirements Document for JSC Shuttle Space Flight Equipment” for SSP, and SSP 50021, “Space Station Safety Requirements Document,” for ISS.  The contractor shall meet all applicable safety and reliability design requirements for CxP as defined in section 3.3 Design and Construction Standards of CxP 70000, “Constellation Architecture Requirements Document.” 

Hazard analyses for SSP shall be developed per NSTS 22254, “Methodology for Conduct of Space Shuttle Program Hazard Analyses.”  Hazard analyses for the SSP shall be developed per SSP 30309, “Safety Analysis and Risk Assessment Requirements Document” and SSP 30599, “Safety Review Process.”  Constellation Program hazard analysis shall be developed in accordance with the requirements of CxP 70038, “Constellation Program Hazard Analysis Methodology.”
Reliability analyses (i.e., Failure Modes and Effects Analysis/Critical Items List (FMEA/CIL)) for SSP shall be developed per NSTS 22206, “Requirements for Preparation and Approval of FMEA/CIL.”  FMEA/CIL analyses for ISS shall be developed per SSP 30234, “FMEA/CIL Requirements for Space Station.”  FMEA/CIL analyses for CxP shall be developed per CxP 70043, “Constellation Program Hardware FMEA/CIL Methodology.”

The contractor shall be required to present the results or relevant calculations of the hazard analysis at phased reviews (e.g., Phase I, II, and III) with the appropriate NASA safety/reliability panels at the corresponding milestones of PDR, CDR, SAR, or at other milestones/meetings as directed by NASA.  All calculations and results shall be delivered to the government along with the hazard reports and FMEA/CIL worksheets unless otherwise specified by the DO.
3.2 FABRICATION
The contractor shall provide all material, equipment, facilities, transportation, resources, and personnel to perform the procurement, fabrication, assembly, maintenance and repair of the hardware as specified in the DO.  NASA approved workmanship standards shall be employed throughout all phases of hardware manufacture to control the quality of the operations.  

3.2.1 Mechanical Work Disciplines

The contractor shall provide mechanical work disciplines to ensure the capability required to fabricate hardware as specified in the DO.  Mechanical work disciplines may include equipment and expertise in, but is not limited to, the following:  conventional and specialized machining; metalsmith fabrication; riveting, soldering, brazing, and welding; conventional and specialized woodworking; lay-up, bonding, processing, and machining of composite materials; hand fairing and finishing of sculptured surfaces and contours; electrical discharge machining (wire or die sink); tubing and instrumentation installation and softgoods fabrication.  Specialized services include, but are not limited to, heat treating, plating, rapid prototyping and painting, anodizing, alodining, composite lay-up, vacuum bagging and wire wrapping.  Fabrication may also include special processes identified in paragraph 3.2.3 of this SOW.

Fabrication of Space Flight hardware shall use workmanship standards as specified in paragraph 2.1.3.2 of JPR 8500.4 and SKZ36103755, “JSC Fabrication Tolerances and Practices,” or a best commercial practice.  If a best commercial practice is identified, it shall be submitted in the contractor’s format to the DO Manager for approval prior to use.
Consideration for tight dimensional tolerances and allowances for tolerance build-up may also be required when fabricating and assembling space flight hardware.

3.2.2 Electrical/Electronics Components, Systems and Subsystems

The contractor shall provide electrical/electronic work disciplines to ensure the capability required to fabricate hardware and/or software as specified in the DO.  The contractor shall provide electrical/electronic components, systems and subsystems and equipment work disciplines with expertise in, but not limited to the following:  fabrication and assembly of printed circuit boards with surface mount technology and through hole assembly; electrical/electronic hardware components and subsystems; and general electronics fabrication and assembly of miscellaneous hardware such as: cables, harnesses, and any associated special tooling or fixtures.  Integration of electrical/electronic hardware into final assemblies shall use installation and operation specifications, and shall provide mounting, power, wiring and circuit protection.  

Printed Circuit Board (PCB) design shall be in accordance with IPC 2221, “Generic Standard on Printed Board Design,” and shall be fabricated in accordance with IPC 6011, “Generic Performance Specification for Printed Boards,” and as specified in the DO.  Evaluation of PCB coupons shall be as specified in the DO.
Fabrication of all electronic equipment shall include the installation of all software codes, if applicable, in support of electrical/electronics packages and subsystems.  Workmanship standards shall be employed throughout all phases of hardware manufacture to control the quality of the operations.  These standards shall comply with the NASA-STD-8739 series for SSP and ISS and CxP 70165, “Constellation Program Requirements for the Manufacture and Inspection of Electrical/Electronic Assemblies for Aerospace and High Performance (AHP) Applications,” for CxP.  The standards used by the contractor shall be submitted in their own format to the DO Manager for approval prior to use.
3.2.3 Special Processes

The contractor shall provide special processes to ensure the capability required to fabricate hardware and/or software as specified in the DO.  The contractor shall submit any specialized processes in their own format to the DO Manager for approval prior to use.  These special processes may include, but are not limited to, the following:  wire splicing, tinning and attachment, printed circuit board conformal coating, cleaning and masking, gear cutting, gear grinding, centerless and blanchard grinding, vacuum and conventional heat treating, stress relieving, plating, metalizing, plasma spraying, sand blasting, anodizing, laser engraving, painting, graphics artwork layout, silk screening and decaling of instrumentation (panels, chassis, cabinets, and printed circuit boards), and any other types of surface treatments.

3.2.4 Material Process Control

The contractor shall provide material process control to ensure the capability required to fabricate hardware as specified in the DO.  The contractor shall perform hardware development, modifications, and upgrades utilizing adequate materials and process control per SE-R-0006, “General Specification, Space Shuttle System Requirements for Materials and Processes,” for the SSP and SSP 30233, “Space Station Requirements for Materials and Processes,” and JSC 27301, “Materials and Processes Selection, Control, and Implementation Plan for JSC Flight Hardware,” for the ISS.  CxP materials and processes shall be per NASA-STD-6016, “Standard Materials and Processes Requirements for Spacecraft.”

The contractor shall submit as specified in the DO, sample materials to the DO Manager to allow NASA to perform materials testing per NASA-STD-(I)-6001, “Flammability, Offgassing, and Compatibility Requirements and Test Procedures.”  The contractor shall control stress, corrosion, cracking, and material fracture by designing to MSFC-STD-3029, “Guidelines for the Selection of Metallic Materials for Stress Corrosion Cracking Resistance in Sodium Chloride Environments,” and JSC 25863, “Fracture Control Plan for JSC Flight Hardware,” for SSP, SSP 30558, “Fracture Control Requirements for Space Station,” for ISS and NASA-STD-5019, “Fracture Control Requirements for Spaceflight Hardware,” for CxP.  The contractor shall comply with the JSC Fastener Integrity Program that is identified in JPR 8730.2, “JSC Fastener Integrity Testing Program.”  The contractor shall comply with the JSC Wire & Cable Integrity Compliance Program that is identified in JSC 49879, “JSC Wire & Cable Integrity Compliance Program.”  Printed circuit board design shall be in accordance with IPC 2221 and shall be fabricated in accordance with IPC 6011 and as further specified in the DO.  Evaluation of PCB coupons shall be specified in the DO.

All materials and processes shall be reviewed and approved as part of the Preliminary Design Review, Critical Design Review, and Engineering Design Change Proposal processes to ensure that materials are selected and used in a safe and appropriate manner.  Materials and process controls for the fabrication of advanced development hardware will be specified in the DO.

3.3 TESTING

The contractor shall perform development, acceptance, and qualification testing of hardware and software systems identified in the hardware requirements document or the V&V document (if not included as part of the requirements document).  The contractor shall test mechanical, software, and electrical/electronic components, systems and subsystems and integrated assemblies.  NASA reserves the right to perform special tests on all electrical/electronic components.

3.3.1 Laboratory Use

If available, the contractor shall use their own test laboratories and facilities unless otherwise specified in the DO.  If use of government furnished and operated facilities is necessary, it shall be noted in the DO proposal.  Use of government furnished and operated facilities shall be on a non-interference basis.  The contractor shall prepare for the testing to ensure the efficient, well-planned use of Government laboratories that may be used in support of this contract.  The Government reserves the right to direct the use of Government furnished and operated facilities for unique tests such as human thermal vacuum tests, micro gravity tests, on-orbit detailed test objectives, etc., as specified in the DO.  Any testing that is performed at Government-furnished facilities shall follow the appropriate work instructions for that facility.  
3.3.2 Test Documentation

The contractor shall prepare the test requirements, test plans and procedures, work authorization documents (such as a TPS), discrepancy reporting and tracking, post test reports, and all documentation associated with testing of hardware and/or software systems to plan, execute, and document all testing activity in support of a DO.  All test planning and/or work authorization documents will be approved by the DO Manager prior to conducting any qualification/acceptance testing, and/or any testing involving a human test subject.  A Test Readiness Review (TRR) will be conducted prior to any test related to the fabrication, assembly, test and delivery of prototype, qualification or flight hardware and/or software unless otherwise specified in the DO. Unless otherwise specified in the DO, the test documentation shall include but not be limited to:
3.3.2.1

Certification Plans
Certification plans shall be provided either (1) in the form of a Verification and Validation Document (reference DRD titled “Verification and Validation (V&V) Document”), or (2) as part of the requirements document (see EA-WI-023).  For EVA hardware and software, the certification plan is identified in Table 4, Verification Matrix of the DRD titled “Certification and Acceptance Requirements Document (CARD).”  The certification plan shall define the specific methods to be used and the success criteria needed to verify that the hardware and software meets the technical design requirements.  Certification plans are not typically required for non-flight hardware development; however, the DO will specify whether or not this is the case.

3.3.2.2
Certification Verification

The contractor shall provide a certification report, which contains the formal certification data that are required to allow the hardware and software to be certified.  Certification verification shall be prepared in accordance with DRD titled “Certification Data Package (CDP).”

3.3.2.3
 Test Plans

The contractor shall provide hardware, software, and/or firmware development, certification, and acceptance test plans to ensure the testing processes are adequately planned.  The certification test plan shall be in accordance with the DRD titled “Verification and Validation (V&V) Document.”  The software and/or firmware test plans shall be in accordance with the DRD titled “Software Test Plan.”  For EVA hardware, software, and/or firmware, these plans are included in the Verification Matrix of the CARD.  

3.3.2.4
Test Procedures

The contractor shall prepare development, certification, and acceptance test procedures to ensure the testing processes are correctly and accurately executed.  Development test procedures shall be submitted to the DO Manager in the contractor’s own test procedure format for review at least two weeks prior to the start of testing.  If no comments are received within that time period it will be assumed that the procedure is acceptable to NASA.  A Test Readiness Review (TRR) will be conducted prior to any test related to the fabrication, assembly, test and delivery of prototype, qualification or flight hardware unless otherwise specified in the DO.  Certification test procedures shall be prepared in accordance with DRD titled “Qualification Test Procedure (QTP),” and acceptance test procedures shall be submitted in accordance with DRL titled, “Acceptance Test Procedure (ATP).”  DRD titled “Software Test Description” shall be used to describe the software and firmware test preparations, cases, and procedures.
The DO Manager will retain responsibility for the coordination and scheduling of test subjects for all testing involving human test subjects at JSC or at the contractor’s facility.
3.3.2.5
Test Reports

The contractor shall prepare certification reports in accordance with DRD titled, “Verification and Validation (V&V) Document” to adequately document the results of testing.  The contractor shall also submit post development and acceptance test reports.
3.3.2.6
Test Fixture and Test Configuration Drawings

The contractor shall provide drawings and solid models of any special test fixtures and configurations to document any special test conditions that are needed.  These drawings shall be submitted in accordance with DRD titled “Engineering Drawings” and/or as specified in the DO.  These drawings shall be delivered by releasing them into EDCC.

3.3.3
Test Capability

The contractor shall perform development, qualification and acceptance testing of the hardware and/or software systems to verify performance of the design.  Testing shall be performed in accordance with the requirements that have been identified in the requirements and validation and verification documents such as the CARD, V&VD, or Project Requirements and Verification Document (PRVD).  Testing shall include, but not be limited to, the following:

3.3.3.1
Development/Evaluation Testing

The contractor shall perform development/evaluation testing of hardware/systems in a laboratory setting to verify the design approach to ensure the hardware and/or software will ultimately function in its intended environment.

3.3.3.2
Thermal Testing

The contractor shall perform thermal testing of mechanical and electrical/electronic components, systems and subsystems hardware to ensure proper function at thermal environment limits to ensure the hardware and/or software will ultimately function in its intended environment.

3.3.3.3
Vacuum and Thermal Vacuum Testing

The contractor shall perform vacuum and thermal vacuum testing of mechanical and electrical/electronic components, systems and subsystems hardware to ensure proper function at vacuum or thermal vacuum environment limits to ensure the hardware and/or software will ultimately function in its intended environment.

3.3.3.4
Vibration Testing

The contractor shall perform hardware workmanship acceptance vibration testing as well as vibration environmental testing for certification of mechanical and electrical/electronic components, systems and subsystems hardware to ensure proper function in dynamic loading environments to ensure the hardware and/or software will ultimately function in its intended environment.

3.3.3.5
Oxygen Acceptance Testing

The contractor shall perform Oxygen acceptance testing on all oxygen systems components to ensure proper oxygen system workmanship to ensure the hardware and/or software will ultimately function in its intended environment.

Testing shall be performed per SSP 41172, “Qualification and Acceptance Environmental Test Requirements.”  The contractor shall provide testing, processing, and handling facilities and capabilities compatible with 100% high and low pressure oxygen systems and components.  Facilities and capabilities shall include, but are not limited to, clean rooms, laminar flow benches, and precision cleaning facilities.  

All GFE pertaining to 100% oxygen systems and components shall be evaluated for oxygen systems hazards by White Sands Test Facility (WSTF) Oxygen Systems personnel.  In addition, all Oxygen systems and components shall be subjected to WSTF oxygen compatibility and acceptance testing per JSC 27301.

3.3.3.6
Electromagnetic Interference/Electromagnetic Compatibility (EMI/EMC) Testing

The contractor shall perform EMI/EMC tests to ensure an electromechanical electrical/electronic components, systems, and subsystems or assembly will not adversely affect or be affected by spacecraft systems.  Testing shall be in accordance with JSC 27743, “Electromagnetic Compatibility (EMC) Test Methods for Shuttle Orbiter Equipment/ Experiments,” for SSP, SSP 30238, “Space Station Electromagnetic Techniques,” for ISS and CxP 70080, “Constellation Program Electromagnetic Environmental Effects (E3) Requirements Document,” for CxP.

3.3.3.7
Ionizing Radiation Testing

The contractor shall perform Ionizing Radiation Testing in accordance with NSTS 07700 Volume X, “Flight and Ground System Specification,” Books 1 and 2 for SSP, SSP 30512, “Space Station Ionizing Radiation Design Environment,” for ISS, and CxP 70023, “Constellation Program Design Specification for Natural Environments,” for CxP to ensure proper function of the hardware and/or firmware in ionizing radiation environments.

3.3.3.8
Vacuum Ultraviolet Testing

The contractor shall perform Vacuum Ultra-Violet (VUV) radiation testing in accordance with SSP 30425, “Space Station Program Natural Environment Definition for Design” to ensure proper function of the hardware and/or firmware when exposed to VUV environments.

3.3.3.9

Atomic Oxygen Testing

The contractor shall perform Atomic Oxygen (AO) testing in an atomic oxygen plasma asher or equivalent facility and shall follow Government procedures defined by the JSC Structural Engineering Division/Materials and Process Branch, and as specified in the DO to ensure proper function of the hardware and/or firmware when exposed to AO environments.
3.3.3.10

Contrast Ratio, Bi-directional Reflectance Distribution Function (BRDF) Testing

When Contrast Ratio and BRDF testing are required for hardware systems, a “2 X 2” checkerboard coupon conforming to requirements specified in the DO or other appropriate specifications shall be made using the same materials and processes as the flight hardware (or qualification units) to ensure consistent performance between the test article and the flight hardware.  

3.3.3.11

Static/Dynamic Loads Testing

The contractor shall perform static loads testing when the hardware design cannot be adequately analyzed to ensure a positive margin of safety, or when otherwise specified in the DO.  The contractor shall perform dynamic testing such as random vibration, acoustic, modal, sine sweep, or smart hammer to complete acceptance testing requirements.

3.3.3.12

Functional Performance Testing

The contractor shall perform functional performance testing in a laboratory setting to ensure the hardware and software meets all functional performance requirements.

3.3.3.13

Software Verification and Validation Testing

The contractor shall perform software Verification and Validation (V&V) testing on software code, which supports electrical/electronic packages and subsystems to verify that the software meets the design requirements.

3.3.3.14

Electrical System or Subsystem Burn-in

The contractor shall perform a bench top burn-in of electrical systems of up to 400 hours, or as specified in the DO to ensure proper function of the systems over this period.

3.3.4
System Acceptance

The contractor shall provide a Certification Data Package (CDP) for flight hardware and software required in support of the SSP, ISS, CxP, and other advanced development programs to adequately document the results of the design, development, testing, evaluation, and verification of the hardware and/or software.  As part of the CDP, the contractor shall complete the V&V matrix and assemble the documentation that is identified in the Verification and Validation (V&V) Results (DRD titled “Verification and Validation (V&V) Document”).  Additionally, DRD titled “Version Description Document (software and/or firmware)” shall be used to document the software versions and associated testing required for systems acceptance.  The contractor shall present the data at a System Acceptance Review (SAR) at JSC, the contractor’s facility, or another location as specified in the DO.

If an in-place drawing system is used, the contractor shall deliver to the DO Manager all original drawings; native engineering files (e.g. CAD models, drawing files, etc.) created or revised by the contractor or sub-contractor; and serialization/lot number records for all hardware built to those drawings for maintaining configuration control of the hardware and/or firmware systems.

The contractor shall provide to NASA any special test fixtures and test configurations, instrumentation, spare components (engineering or flight) including non-compliant components, and any unused materials purchased under the DO to ensure delivery of all items purchased and/or used in support of the DO.  If the DO requires the contractor to perform sustaining engineering activities then all needed equipment will remain with the contractor until the sustaining engineering effort is complete. 

The documentation products that are available at the SAR are shown in the table below.  This table is derived from EA-WI-023 and will be tailored for each DO.

Table 4 Example SAR Products
	Product/Documentation
	Version

	Project Requirements and Verification Document (PRVD) for IVA non-critical GFE
	Final Release of verification results content

	Verification and Validation Document
	Final

	Safety Data Package (which includes the preliminary hazard analysis and FMEA)
	Phase 3 Final Release

	Sustaining Engineering Plan
	Final

	Ground Safety Analysis Report  (as required by KSC)
	Final

	Certification Data Package

 with GCAR
	Completed

	Acceptance Data Package
	Completed for each unit available

	ISS Functional Configuration Audit/Physical Configuration Audit (FCA/PCA)
	Completed

	Flight rules (inputs to MOD product or SA’s BME Product if product available)
	Final

	User's Guide 
	Final

	Version Description Document 
	Final


The contractor shall develop a Flight Products User’s Guide (reference DRD titled “User’s Guide”) to provide a descriptive explanation of the GFE for the intended end use.  The guide shall indicate how to use the GFE to accomplish the operational requirements and stay within any operational constraints to maintain the safety and functionality of the GFE.  

3.4
SUSTAINING ENGINEERING
Sustaining a GFE item consists of many activities that interact with each other.  Under nominal conditions (e.g., no changes, no problems, no off-nominal scenario discussions, etc.), the activities can be separated into mission-specific activities and non-mission-specific activities.  Any of these activities can result in the need to perform an off-nominal activity, such as closure of a discrepancy report (and performing all the analysis, testing, etc. required to close the discrepancy) or modification to the design, the procedures, or the certification.  

Sustaining engineering activities are grouped into the following lists of nominal and off-nominal activities.  The list below is a high-level depiction of the activities involved in sustaining engineering GFE.  Additional activities, as applicable, may be added to DOs.

Nominal Sustaining Activities:

· Project Management Activity

· Engineering Activity

· Contracting Activity

· Configuration Control Activity

· ALERTS/Advisories (A/As) Activity

· Program Change Evaluation Activity

· Flight Readiness Activity

· Processing Activity

· Pre-flight and Post-flight Operations Activity

· In-flight Operations Activity

· Inventory Activity

· Maintenance Activity

· Limited Life/Cycle Activity

· Functional and Acceptance Testing

· Unique GSE, STE, and Facility Activity

· GFE Retirement Activity

Off-nominal Sustaining Activities:

· Discrepancy Reporting (DR) Activity (including assistance in real-time troubleshooting and the analysis of the discrepant system)

· Problem Reporting and Corrective Actions (PRACA)

· Repair Activity

· Delta DDTM&E Activity

· Delta Certification Activity 

· Alternate Production Certification Activity

· Failure Investigation and Analysis Reports (FIAR)

3.4.1 Sustaining Engineering of CRAVE DO Products

The contractor shall provide sustaining engineering support following delivery of hardware and/or software for a period of time specified in the DO to ensure continued operation of these products.  Sustaining engineering activities shall include drawing revisions, document revisions, equipment modifications, acceptance test support, procedure review, mission support, failure investigation, and presentations to NASA review boards and management.  
3.4.2 Sustaining Engineering of Existing Products

The contractor shall provide sustaining engineering services for hardware and/or software systems of existing products as specified in the DO to ensure continued operation of these existing products.

3.5
QUALITY ASSURANCE
3.5.1
Quality System

The contractor shall have a quality program that complies with International Organization for Standardization document SAE-AS9100, “Quality Management Systems – Aerospace- Requirements” to ensure consistency of products and processes.  The contractor’s quality plan, as developed per SAE-AS9100 requirements, shall be submitted in accordance with DRD titled “Quality Plan”.  As specified in the DO, tailored CxP quality requirements (defined in section 5 and Appendix A of CxP 70059 “Constellation Program Integrated Safety, Reliability, and Quality Assurance (SR&QA) Requirements”) shall be applied.

The contractor’s quality plan shall make provisions for the following supplements to the SAE-AS9100 elements:
3.5.1.1
Customer Verification of Subcontracted Products

The contractor shall submit the appropriate subcontract documentation to the designated NASA quality representative for determination of the need for Government Source Inspection (GSI) prior to release of a subcontract.  When the NASA quality representative elects to require GSI for a subcontract, the following statement shall be included in the direction:

“All work on this order is subject to inspection and test by the Government at any time and place.  The Government quality representative who has been delegated quality assurance functions on this procurement shall be notified immediately upon receipt of this order.  The Government representative shall be also notified 48 hours in advance of the time articles or materials are ready for inspection or test.”

For procurements that do not require GSI, the following statement shall be included in the direction:

“The Government has the right to inspect any or all of the work included in this order at the contractor’s plant.”

3.5.1.2
Review and Disposition of Nonconforming Product

The cognizant Government quality representative and the DO Manager shall approve all dispositions of nonconforming products other than those being reworked to meet specified requirements or those being scrapped.

Nonconformance reporting shall commence with the manufacturing of the certification or production hardware and continue through all phases of the project.  The reporting shall include all problems associated with the GSE for the hardware.  Nonconformance reporting for materials to be used in Class I or II hardware shall commence with the receipt of the material.  All nonconformances shall be reported in accordance with DRD titled “Nonconformance Record.”

Nonconformances may be repaired by Standard Repair Procedures, as determined by the Material Review Board (MRB).  The MRB responsibilities will be specified in the DO.  Standard Repair Procedures shall be submitted to the DO Manager for approval prior to use.  

3.5.2.
Waivers/Deviation Request
A waiver/deviation request shall be submitted in accordance with EA-WI-027 for all hardware and/or software not meeting defined specifications to notify the COTR and the DO Manager of a deviation from a documented requirement.  For proposed waivers and deviations, the contractor shall establish a means to analyze the safety impact, unless otherwise specified in the DO.

3.5.3
Workmanship Specifications for Electronics

The following standards shall be used to ensure quality of the design and manufacture of electrical/electronic equipment for complex (as defined in NPD 8730.5) applications:

a) Soldering, Through-Hole Technology – NASA-STD-8739.3, “Soldered Electrical Connections,”

b) Soldering, Surface Mount Technology – NASA-STD-8739.2, “Workmanship Standard for Surface Mount Technology,”

c) Crimping, Cable and Harness – NASA-STD-8739.4, “Crimping, Interconnecting Cables, Harnesses and Wiring,”
d) Conformal Coating and Staking – NASA-STD-8739.1, “Workmanship Standard for Polymeric Application on Electronic Assemblies,”

e) Fiber Optics – NASA-STD-8739.5, “Fiber Optic Terminations, Cable Assemblies and Installation,”

f) Electrostatic Discharge Control (ESD) – EOS/ESD S20.20, “Development of an Electrostatic Discharge Control Program for Protection of Electrical and Electronic Parts, Assemblies and Equipment (Excluding Electrically Initiated Explosive Devices),”

g) Rigid Printed Wiring Board (PWB) Design – IPC-2221 and IPC-2222, “Sectional Design Standard for Rigid Organic Printed Boards,”

h) Rigid Printed Wiring Board (PWB) – IPC-6011 and IPC-6012, “Qualification and Performance Specification for Printed Boards,”

Notes:

NASA Technical Standards for flight hardware workmanship are available electronically at: http://standards.msfc.nasa.gov.

IPC standards required shall be supplemented with DPI-7010-01-Baseline, “Detailed Process Instruction for Procurement of Printed Wiring Boards.”  If the contractor chooses to use other standards, the contractor shall submit those standards in their own format to the DO Manager for approval prior to use.   
Workmanship requirements for hardware in support of CxP are defined in CxP 70165, “Constellation Program Requirements for the Manufacture and Inspection of Electrical/Electronic Assemblies for Aerospace and High Performance (AHP) Applications.”  
3.5.4
Traceability

A system shall be in place by the contractor to ensure identification of all materials/products, whether separately produced discrete items, or material produced in batches, to ensure traceability to the original source/manufacturer and to determine verification status.  This system shall be maintained throughout the life of this contract, including material/product receipt; all stages of production; delivery; installation, etc.

3.5.5
Changes

The contractor shall notify the DO Manager of any proposed changes (including from proprietary sources) to processes in order to maintain configuration control of products.  The categories of changes include, but are not limited to, the following:  fabrication, materials, methods, product operating characteristics, or processes previously approved.  The contractor shall obtain written approval from the DO Manager before making any change to any mechanical, electrical, or software system.  

3.5.6
Test Results

Records of test results shall be maintained and must be traceable to the procured articles in order to maintain configuration control of products.  Purchased raw materials shall be accompanied with chemical and physical test results from the manufacturer or test results obtained from a NASA approved testing facility.  If these records are not available from the manufacturer, the contractor shall provide the test plan in their own format to the DO Manager for approval prior to use.
3.5.7
Software Quality Assurance

Software Quality Assurance requirements are applicable to software and/or firmware, including but not limited to the following: flight software and firmware; critical ground support software and firmware (i.e., an integral part of the operational mission or flight program); and software support tools used in (1) the development of flight and critical ground support software and firmware; (2) manufacturing processes of mission critical hardware; and (3) test and integration of mission critical hardware, software, and firmware.

The contractor shall prepare a Software Quality Assurance (SQA) Plan in accordance with DRD titled “Software Quality Assurance Plan and Report” to ensure consistency of products and processes.  The contractor shall implement the SQA requirements in accordance with the SQA plan.

3.5.8
Audits

The contractor shall conduct internal audits to ensure compliance with contract requirements.  Additionally, the JSC Contracting Officer may request (JSC and contractor) audits of specific processes to identify potential systemic problem areas for improvement

3.5.9
Problem Reporting and Corrective Action

The contractor shall implement and participate in the process for reporting problems and the establishment of corrective actions in accordance with JSC-28035, “Program Problem Reporting and Corrective Action (PRACA) Requirements for JSC Government Furnished Equipment” to document nonconformance of products.  Refer to DRD titled “Problem Reporting and Corrective Action.”  The contractor shall participate in the PRACA processes unless otherwise specified in the DO.  CxP hardware/software PRACA process shall be in accordance with CxP 70068, “Constellation Program PRACA Requirements,” Volumes I, II and III.

The contractor shall perform a failure analysis of defective hardware and software, unless otherwise directed by the COTR and/or the DO Manager.  The failure analysis shall be performed in a systematic method such that the root cause of the failure can be identified.  The contractor shall recommend corrective action required to prevent the recurrence of a failure.  The results of the failure analysis and corrective action shall be prepared in accordance with DRD titled “Problem Reporting and Corrective Action (PRACA).”  The contractor may be required to present the results of the failure investigation and closure rationale to the appropriate JSC personnel per JSC 28035, “Program Problem Reporting and Corrective Action for JSC Government Furnished Equipment.”

The contractor shall ensure all Problem Reporting and Corrective Action (PRACA) requirements are met.  The contractor shall maintain a status on all open documentation, which has not been approved for closure by the DO Manager.

3.5.10
Calibration System

The contractor shall utilize a documented calibration system that meets the requirements of ISO 10012, “Measurement Management Systems - Requirements for Measurement Processes and Measuring Equipment,” or NCSL Z540.3, “Requirements for the Calibration of Measuring and Test Equipment” to ensure quality of products, processes, and data.
3.5.11
Acceptance Data Package

An Acceptance Data Package (ADP) shall be prepared in accordance with DRD titled “Acceptance Data Package” for deliverable items as specified in the DO to provide NASA with the documentation necessary to determine the acceptability of the delivered item.  The ADP shall accompany the item at delivery and will be retained by NASA.  The contractor shall also provide final engineering drawings and CAD models at delivery.  These shall be formatted in accordance with DRD titled “Engineering Drawings.”  
3.6
SAFETY AND MISSION ASSURANCE (S&MA)

3.6.1
Reliability Requirements

The contractor shall maintain and utilize a reliability program including the evaluation of hardware and/or software reliability through analysis, review, and assessments.  Reliability and maintainability shall be considered in the design process.  The contractor is responsible for planning, management, and effective execution of the reliability effort to ensure hardware and software compliance with reliability requirements.

3.6.1.1
Reliability Plan

The contractor shall provide a reliability plan in accordance with the Reliability and Maintainability Plan, DRD titled “Reliability and Maintainability (R&M) Plan,” to ensure compliance with reliability requirements.  The Plan shall serve as the master planning and control document for reliability.

3.6.1.2
Failure Modes and Effects Analysis

The contractor shall provide a failure modes and effect analysis (FMEA) in accordance with the GFE FMEA and Critical Items List (CIL) and DRD titled “Space Shuttle Failure Modes and Effects Analysis (FMEA) and Critical Items List (CIL),” for SSP, and DRD titled “Space Station Failure Modes and Effects Analysis (FMEA) and Critical Items List (CIL),” for ISS, and DRD titled “Constellation Failure Modes and Effects Analysis (FMEA) and Critical Items List (CIL),” for CxP to document the failure modes and their effects on hardware and/or software systems.  

The contractor shall update and maintain the FMEA to ensure that it remains current to the hardware and/or software configuration to support:

· Additional design actions

· Safety Analysis

· Hardware/Software Interface analysis

· Test planning

· Mission planning

· Preparation of mandatory inspection points

· Fault detection and isolation

· Maintainability and analysis planning

· Maintainability planning

· Logistics planning

3.6.1.3
Critical Items List

The contractor shall provide a critical items list in accordance with the GFE FMEA and CIL, DRD titled “Space Shuttle Failure Modes and Effects Analysis (FMEA) and Critical Items List (CIL),” for SSP, and DRD titled “Space Station Failure Modes and Effects Analysis (FMEA) and Critical Items List (CIL),” for ISS, and DRD titled “Constellation Failure Modes and Effects Analysis (FMEA) and Critical Items List (CIL),” for CxP.  The contractor shall update and maintain the critical items list, which requires special risk assessment to support the following:

· Waivers to program requirements

· Additional design action

· Safety analysis

· Test planning

· Mission planning

· Preparation of mandatory inspection points

· Fault detection and isolation

· Maintainability analysis and planning

· Maintenance planning 

· Logistics planning

3.6.1.4
Limited Life Items and Status Report

The contractor shall identify limited life items in the ADP per the DRD titled “Acceptance Data Package” and on the GCAR.  The contractor shall provide a report, which estimates wear out life for Orbit or GSE maintainable items to support maintenance time predictions and preventative maintenance analysis.  Limited life items include limited shelf life, limited operating life, and time-action control sensitive items, or a combination of these.

3.6.1.5
Electrical, Electronic, and Electromechanical (EEE)/Mechanical Parts Control Plan

The contractor shall prepare a Parts Control Plan in accordance with the DRD titled “Electrical, Electronic, and Electromechanical (EEE) Parts Control Plan” to describe the process of how the contractor will interface with NASA management, EEE and Mechanical Parts personnel, and design engineers to ensure the system, board level designs, and selected parts meet performance parameters, ensure long-term reliability, and minimize program life cycle cost.  All EEE parts used for Class I or Class II hardware shall be reviewed and approved per JSC 61360, “JSC Engineering Directorate Certified Parts Approval Program (EDCPAP).”  The contractor shall comply with their Government approved EEE Parts Control Plan.
3.6.1.6 
Submittal of Electronic and Mechanical Parts Data

The contractor shall prepare a EEE Parts list and Analysis Report (Reference DRD titled “Electrical, Electronic, and Electromechanical (EEE) Parts Lists and Analysis Report”) to ensure that the system, board level design, and selected parts meet the specification performance parameters, ensure long-term reliability, are suitable for the application, and minimize the cost of ownership over the life of the application program.

3.6.1.7  
Acute Launch Emergency Reliability Tip (ALERT) System

The contractor shall provide a documented response to each requested ALERT investigation and resolution in accordance with DRD titled “Government Industry Data Exchange Program (GIDEP) and NASA Advisory Problem Data” to document systematic problems with processes and products across industry and Government organizations.  Program/Project initiated ALERTs are disseminated by the NASA JSC contractors, NASA centers, and GIDEP.

3.6.1.8   
Failure Detection, Isolation and Recovery Assessment

The contractor shall develop a Failure Detection, Isolation and Recovery (FDIR) analysis process to ensure that each end item design meets the FDIR requirements in SSP 41000, “System Specification for the International Space Station” and CxP 70000 or CxP 72000, “CxP Systems Requirements for Orion Systems.”  The contractor shall document this analysis in an ISS or CxP Reliability and Maintainability Predictions Report in accordance with DRD titled “Reliability and Maintainability (R&M) Plan.”  

3.6.2 Safety Requirements

The contractor shall maintain and utilize a safety program, which includes the plans and reports discussed below, to ensure that systems meet safety standards and requirements.  Safety functions shall include the evaluation of hardware and software safety through analysis, review, and assessment, as well as evaluation of waivers, attendance at status reviews, evaluation of testing, and evaluation of flight item failures.  The contractor shall be responsible for planning, management, and effective execution of the safety effort.

3.6.2.1 Space Shuttle Systems

The contractor shall perform and update safety analyses in accordance with the Space Shuttle Safety Analysis Report (SAR) and Hazard Report (HR) DRD titled “Space Shuttle Safety and Analysis Report (SAR) and Hazard Report (HR).”

3.6.2.2 Space Station Systems
The contractor shall perform and update safety analyses in accordance with the Space Station hazard reporting process DRD titled “Space Station Hazard Reports (HRs).”

3.6.2.3 Constellation Systems

The contractor shall perform and update safety analyses in accordance with the Constellation hazard report system description DRD titled “Constellation Hazard Reports (HRs).”

3.6.3 System Safety Program Plan

The contractor shall provide a safety plan in accordance with DRD titled “System Safety Program Plan,” and the requirements stated in Chapter 2 of NSTS 5300.4 (1D-2), “Safety, Reliability, Maintainability and Quality Provisions for the Space Shuttle Program,” for SSP, and SSP 50021 for ISS.  For CxP, the contractor safety plan shall be developed in accordance with CxP 70038, “CxP Hazard Analysis Methodology,” CxP 72094, “Crew Exploration Vehicle SRQA”, and CxP 70059, “CxP Integrated Safety, Reliability, and Quality Assurance (SR&QA) Requirements.”  The contractor shall describe the methods used and assure identification, elimination, and/or control of potential hazards, which may lead to injury, loss of personnel, and/or damage or loss of vehicle, flight/training hardware and software, or mission-related ground support equipment/software throughout the complete cycle of the program.  The contractor shall comply with their Government approved System Safety Program Plan.
3.6.4 S&MA Certification

The contractor shall document certification and acceptance requirements for hardware and software using the V&V Document (DRD titled “Verification and Validation (V&V) Document”), or the PRVD (DRD titled “Project Requirements and Verification Document”).  For EVA projects, the contractor shall document certification and acceptance requirements for hardware and software using the CARD per DRD titled “Certification Acceptance Requirements Document (CARD).”  The contractor shall document the results of the hardware and software certification using the Certification Data Package.  

3.6.5 Risk Assessment Executive Summary Report

The contractor shall provide a Risk Assessment Executive Summary Report (RAESR) to document safety critical aspects of flight hardware and software.  The RAESR shall be prepared in accordance with DRD titled “Risk Assessment Executive Summary Report (RAESR).” 

3.6.6 Safety Review and Reporting

The contractor shall provide reports and presentation material for the appropriate S&MA Review Board safety reviews.  NASA Project Managers and S&MA representatives will approve these reports and presentations.

3.6.7 Safety and Health

3.6.7.1 Mishap Notification and Investigation  

When a mishap results in injury, illness, property damage or loss, or environmental release or damage occurs during performance of contract work, the contractor is required to notify the Government as described in JPR 1700.1, “JSC Safety and Health Handbook,” section 2, chapter 2.7, Mishap and Incident Investigation.  The contractor is also required to perform an investigation and report the results, along with corrective actions, to the Government.  The cited chapter describes specific requirements and schedules for notification, investigation, and reporting.  In addition to any additional reporting requirements imposed by OSHA or this contract, the contractor must send notifications and reports, in accordance with the specified schedule jsc-safety-report-submittals@mail.nasa.gov.  For CxP, the contractor shall perform mishap reporting as defined in CxP 72223, “Orion Project Mishap Response and Contingency Action Plan,” which meets the mishap requirements of CxP 70059.
The contractor shall report all mishaps meeting the following criteria:
1. All mishaps occurring on-site at NASA facilities, including all close calls.

2. All mishaps occurring off-site as follows:

a. All types A and B injury mishaps.

b. All property damage mishaps where the cost will be financially offset by a bill to the Government.

c. Regardless of whether the Government is billed, any mishap involving Government property or personnel.

The contractor shall submit JSC Form 288 by the tenth of each month to jsc-safety-report-submittals@mail.nasa.gov.
4.0 MANAGEMENT

4.1 PROJECT MANAGEMENT

The contractor shall be responsible for the effective and efficient management of all activities, products, and resources required to establish, document, and maintain processes and controls.  Project management requirements include, but are not limited to, general/project management, resource management, data management, risk management and contract management.  The monthly summary report of associated activities shall be reported in accordance with DRD titled “DO Status Report/Summary Review.”

4.2 CONFIGURATION MANAGEMENT

All project/program controlled requirement changes or configuration baseline changes shall be presented to the appropriate JSC Configuration Control Board (CCB) to ensure configuration, cost, schedule, and safety control.  Changes shall be implemented after the approval by the CCB, unless otherwise specified in the DO.  The contractor can offer changes to the general requirements following the Engineering Change Control process defined in Section 2.1 of EA-WI-027, “Configuration Management Requirements.”
The contractor shall prepare requirements and technical specifications for subcontractor effort, if any.  Such requirements and specifications shall be compatible with applicable requirements of this contract and any applicable DOs.

The contractor shall prepare material and process specifications to define the processing and fabrication techniques where applicable.  Such specifications shall be compatible with applicable requirements of this contract and any applicable DOs.

4.3 PROJECT DIRECTION AND MEETINGS

During the performance of the contract, the DO Manager will conduct Monthly Project Reviews (MPRs) of the contractor design, analysis, fabrication, and testing status and data.  These reviews will include but not be limited to the following: 

· Contractor programmatic and technical progress against project milestones

· Technical issues and findings 

· Financial status

· Design requirement interpretations

· Government visits to contractor facilities

· Document change summaries

· Data Requirements List milestones and progress against them

· Evaluation of all relevant test data

· Risk management status

Government personnel will also participate in all project reviews.  The MPR will occur either at JSC, the contractor’s facility or another location as noted in the DO or by mutual agreement.
4.4
PROJECT SCHEDULE

The contractor shall meet the milestones as specified in the DO to ensure product delivery in a timely manner.  The contractor shall provide schedules in accordance with DRD titled “Project Schedule.”  
4.5
FINANCIAL MANAGEMENT
The contractor shall maintain a Financial Management System (FMS) for the accumulation, documentation, analysis, and reporting of project cost and staffing data.  The FMS shall be the basis for financial communication with NASA and shall be capable of accounting for forecast and accrued expenditures of both labor hours and costs, commitments, and termination/liability forecasting of cost and manpower requirements by month, by quarter, and by Government Fiscal Year (GFY) and by DO, as defined in the DRD titled “NASA Contractor Financial Management Reporting.”  
4.5.1
Work Breakdown Structure

The Work Breakdown Structure (WBS) numerical identifiers are in accordance with Table 5 below.  NASA will expand the sub-elements of this minimal WBS as needed to meet the status reporting requirements of the SSP, ISS, CxP or advanced development programs.  Each DO will be assigned a WBS sub-element number (or multiple sub-element numbers for multi-program DOs) to the WBS listed in Table 5.
Table 5 Work Breakdown Structure
	1.0   Project Management

	2.0   EVA Projects

	2.1   Shuttle EVA Projects

	2.2   ISS EVA Projects

	2.3 Constellation EVA Projects

	2.4   Advanced Programs EVA Projects

	3.0   Flight Crew Equipment Projects

	3.1   Shuttle FCE Projects

	3.2   ISS FCE Projects

	3.3 Constellation FCE Projects

	3.4   Advanced FCE Projects

	4.0   Robotics Projects

	4.1   Shuttle Robotics Projects 

	4.2   ISS Robotics Projects

	4.3 Constellation Robotics Projects

	4.4   Advanced Programs EVR Projects

	5.0   ECLSS Projects

	5.1   Shuttle ECLSS Projects 

	5.2   ISS ECLSS Projects

	5.3 Constellation ECLSS Projects

	5.4   Advanced Programs ECLSS Projects

	6.0   ATCS Projects

	6.1   Shuttle ATCS Projects 

	6.2    ISS ATCS Projects

	6.3

Constellation ATCS Projects

	6.4    Advanced Programs ATCS Projects

	7.0   CHeCS Projects

	7.1   Flight Medical Projects

	7.2   Crew Conditioning Projects

	7.3   Environmental Monitoring Projects

	8.0   Avionics Projects

	8.1 Shuttle Avionics Projects

	8.2 ISS Avionics Projects

	8.3 Constellation Avionics Projects

	8.4 Advanced Programs Avionics Projects

	9.0  General GFE Projects

	9.1 General Shuttle GFE Projects

	9.2 General ISS GFE Projects

	9.3 General Constellation GFE Projects

	9.4 General Advanced Programs GFE Projects


5.0
DOCUMENTATION AND REPORTING 

The contractor shall provide documentation and reports in accordance with this contract and any applicable DOs.  The contractor shall develop, manage, and maintain an information and data management system for the preparation, publication, configuration control, and dissemination of data first produced in performance of this contract and/or used by the contractor under this contract.  
5.1
DATA REQUIREMENTS

The contractor shall provide the required documentation and applicable data requirements as specified in the DO to maintain performance records for the DO.  

5.1.1
Data Requirements Innovation

When feasible and cost effective, the contractor shall identify alternative documentation requirements in order to optimize and/or enhance cost, schedule, availability of personnel and equipment, task complexity, etc.  The contractor shall submit requests for alternatives to the DO Manager for approval prior to use.
5.1.2
Data Requirements Schedule

The contractor shall generate a data requirements milestone schedule integrated into the project schedule and present progress against each milestone at the MPR.  See paragraph 4.3 of this SOW.
[END OF SECTION]
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