
ATTACHMENT J-1

Statement of Work 

Advanced Development Roll Control Engine (RCE) Crew Launch Vehicle (CLV) First Stage

1.0
PURPOSE:  

The purpose of this advanced development roll control engine (RCE) effort is to determine the feasibility of using the engine approaches described below as part of the Crew Launch Vehicle (CLV) First Stage (FS) roll control system.  The objective of the roll control system is to provide roll control authority from liftoff to separation at approximately 180K ft for the CLV FS in a single mission application (expendable).  The RCE must be capable of pulse, off-pulsing, and steady state operation from sea level to 180K ft altitude over the 132 second First Stage operational period.  The CLV FS roll control system will be based on a pressure-fed engine design.  The RCE will be active during the entire first stage ascent phase and will not be recovered.  Multiple thrust class RCE approaches, i.e., an 800 lbf Class Bipropellant and a 600 lbf Class Monopropellant, each of which are described in detail in separate Prototype System Requirement Document (PSRD) attachments, are being considered with the Government’s intent to down-select to a specific approach based on, but not limited to, one or more of the following: engine design optimization, evolution of thrust control requirements, developmental test results and CLV programmatic direction.  This SOW applies to both approaches.
2.0
OBJECTIVE: 

The objective of the effort described herein is the design, manufacture, test and delivery of one flight-like developmental RCE and parts sufficient to build one additional RCE (with the option to use these components as spares for the development unit).  This effort shall consist of two (2) periods of performance: a Base Period and an Option Period.  During the Base Period, the Contractor shall design and conduct long-lead procurements for the flight-like prototype RCE and design, test, and deliver the propellant valves.  If the Government elects to exercise the Option Period, one RCE shall be assembled, tested, and delivered along with sufficient spare parts to fabricate a spare RCE.  Additional propellant valves will be delivered for evaluation and spares.
The goal of this effort is to raise the Technical Readiness Level (TRL) of the Roll Control Engine (RCE) such that it can be ready to support the CLV Preliminary Design Review and ultimately the 2012 first flight date.  A technology readiness level of early TRL 7 will be the target goal for this development effort.  This effort will require that the development engine be tested at altitude conditions.  However, specific component-level altitude tests may also be required to establish feasibility of the overall engine design. Component-level altitude tests are not presently authorized by this statement of work (SOW) and, if subsequently required, will be separately authorized and negotiated between the contracting parties.  This procurement will be for a development unit engine.
The Contractor shall perform analysis, design, fabrication and testing to provide as close to a flight-like unit as is possible for this propulsion architecture to support CLV Preliminary Design Review (PDR).  In this SOW, “flight-like” shall also be interpreted as “flight-weight.”  Once the CLV prime Contractor is selected, the prime Contractor will participate with the Government in conduct of the thruster-level advanced development to incorporate all risk reduction and knowledge gained into the flight propulsion system design and production. 

3.0
THRUST-CLASS ROLL CONTROL ENGINE (RCE) APPROACHES:

3.1
800 lbf Class Bipropellant RCE Approach
This approach requires an 800 lbf class advanced development hypergolic thruster/engine that could serve as a developmental prototype roll control engine for the Crew Launch Vehicle (CLV) First Stage (FS) roll control system. The objective of this system is to provide roll control authority from liftoff to separation at 180K ft for the CLV FS in a single mission application (expendable).  This system uses a common pressurization system, common propellant tankage, and bipropellant (MMH/NTO) engines.  The bipropellant engine design shall include a GHe purge downstream of the propellant valve in both the fuel and oxidizer circuits to prevent the onset of detonations between pulses at intermediate altitudes (sea level to 70K ft).  The purge design shall include redundant check valves for each propellant circuit that will become an integral part of the engine system.  All FS roll control engines are pressure-fed.  The engines shall be active during the 132 second predicted first stage ascent phase and will not be recovered.

3.2
600 lbf Class Monopropellant RCE Approach
This approach requires a 600 lbf class advanced development monopropellant hydrazine thruster/engine that could serve as a developmental prototype roll control engine for the Crew Launch Vehicle (CLV) First Stage (FS) roll control system. The objective of this system is to provide roll control authority from liftoff to separation at 180K ft for the CLV FS in a single mission application (expendable).  This system uses a common pressurization system, common propellant tankage, and monopropellant (N2H4) engines. All FS roll control engines are pressure fed.  The engines shall be active during the 132 second predicted first stage ascent phase and will not be recovered.
4.0
Base Period

The Contractor shall perform the activities described in SOW Section 4 during the Base Period.  The Base Period shall not exceed 11 months from contract award.

4.1
Engine Design

The Contractor shall design and perform supporting analyses for an RCE to the PCDR level.  Drawings, loads/stress, mass estimates, thermal, life, and performance analyses for the engine shall be generated at the nozzle expansion ratio defined in the applicable engine Prototype System Requirements Document (PSRD) provided in attachments J-3 and J-4.  Performance assessments shall include thrust, Isp, and impulse bit (Ibit)/Ibit repeatability vs. altitude from sea level to 180K ft for both continuous and pulse/off pulse modes, as defined in the aforementioned PSRD.

The Contractor shall prepare and submit Engine Thermal Data and Analysis documentation in accordance with DRD 1125DE-007.

The Contractor shall prepare and submit a Structural Assessment Plan in accordance with DRD 1125DE-004.

The Contractor shall prepare and submit Structural Dynamics Analyses, Loads, and Models Documentation in accordance with DRD 1125DE-009.

The Contractor shall prepare and submit Structural Strength and Fatigue Analysis Reports in accordance with DRD 1125DE-008.

The Contractor shall prepare and submit a Mass Properties Report in accordance with DRD 1125SE-003.
Nozzle loads due to vehicle aerodynamics will not be required, as the entire engine will be mounted within and the nozzle exit sealed against an enclosure/fairing.  Potential thrust/startup impacts due to vehicle-induced cross flows shall be addressed.

The engine shall meet the requirements of the applicable engine PSRD.  The Contractor shall conduct a Prototype RCE System Requirements Review (PSRR), a Prototype Preliminary Design Review (PPDR), and a Prototype Critical Design Review (PCDR) in accordance with DRD 1125MA-005.  The propellant valve design shall be presented as part of these engine reviews.

The Contractor shall provide a list of long-lead items containing the item designation, proposed vendor, cost, and lead time to the CO and COTR at or prior to PPDR.
4.2
Propellant Valves

The Contractor shall analyze, design, manufacture, and test two prototype, flight-like engine propellant valves.  The propellant valve controls the flow of fuel, oxidizer, or monopropellant into the injector.  Valve interchangeability between fuel and oxidizer lines is required as proof of concept for use in the bipropellant design approach.  The actuation method for the valve and all fluid, electrical, and structural interfaces to the rest of the vehicle shall be defined in an Interface Definition Document in accordance with DRD 1125SE-002.  Propellant valves shall be pneumatically actuated and shall meet the requirements of the applicable engine PSRD.  Redundant coils are not required.  The Contractor shall provide an analysis and design package (including drawings, loads/stress, thermal, and performance analyses) for the valve as described in the program/project schedule for a non-redundant valve configuration.  The Contractor shall design and test the valve per the applicable engine PSRD.  Testing with simulants in lieu of propellants may be considered, provided design effects from propellants and propellant reaction products are addressed in the valve design with supporting rationale and are approved by the COTR, in accordance with Section G.4, Technical Direction.  The Contractor shall complete the design and testing of the valve (two specimens) prior to the PCDR.  NASA, through the COTR, shall be invited and permitted to attend all reviews concerning the valve.   Design details and test results shall be presented at the engine PCDR and as part of the Base Period final report.
The valves developed and tested during the Base Period will be delivered to the government at the conclusion of the Base Period.  In the event that the Option Period is not exercised, any other hardware manufactured during the contract, as well as any long-lead procurements, shall be delivered to the government at the conclusion of the Base Period.

4.3
Milestone Reviews

The Contractor shall conduct a Prototype System Requirements Review (PSRR) within one month of contract award.  During the PSRR, the Contractor shall finalize the applicable engine PSRD, which shall set the requirements for the prototype flight-like engine.  At the conclusion of the PSRR, the engine PSRD shall become a Contractor-owned and Contractor-controlled requirements document.

The Contractor shall prepare for and conduct a flight-like Prototype Preliminary Design Review (PPDR) and Prototype Critical Design Review (PCDR) per DRD 1125MA-002.  The contents of the PPDR and PCDR shall comply with DRD 1125MA-005.  The Contractor shall provide engine system analyses including propulsion, performance, fluids, loads/stress, and thermal analyses (as a minimum) to support the milestone reviews.

The Contractor, through the COTR, shall invite NASA to attend all milestone reviews, as well as any subcontractor and component reviews.

4.4
Hardware/Design/Test Deliverables

The Contractor shall provide the following deliverables during the Base Period:

Prototype Engine and Propellant Valve Assembly Drawings

Prototype Engine Valves (2 assembled)

Assembly Procedures

Prototype System Requirements Document (PSRD)

Propellant Valve Analysis and Design Package

Prototype Engine IDD and Component Specifications

Prototype Engine Valve Test Results

Prototype Engine Test Plan (Initial Draft)

Prototype Engine System Analysis and Design Package

Base Period Final Report
5.0
Option Period

If the Option Period is exercised, the Contractor shall perform the activities described in SOW Section 5.  The Option Period shall not exceed 11 months from exercise of the Option Period.

5.1
Engine Fabrication

The Contractor shall provide manpower, facilities, consumables, and material to complete the manufacture and assembly of one prototype, flight-like developmental engine, including propellant valve(s) and, check valves (bipropellant engine only); test the engine per Section 6 of the applicable engine PSRD; and deliver the engine and spare parts sufficient to assemble a second prototype engine per DRD 1125MA-002.  The flight-like engine shall comply with all specifications defined in the applicable engine PSRD.  The prototype engine shall include the necessary instrumentation to adequately assess engine performance.

5.2
Propellant Valve Fabrication

For the bipropellant engine approach, the Contractor shall provide manpower, facilities, consumables, and material to complete the manufacture, assembly and acceptance test of three new prototype, flight-like developmental propellant valves.  Two units shall be provided for integration on the prototype engine, while a third unit shall be provided to the Government for testing.  The valves shall be acceptance tested prior to delivery to the engine level to assure that the design complies with all specifications defined in the bipropellant engine PSRD.  The Contractor shall also provide spare parts sufficient to assemble a fourth valve.  Test results shall be included as part of the Option Period final test report.

For the monopropellant engine approach, the Contractor shall provide manpower, facilities, consumables, and material to complete the manufacture, assembly and acceptance test of two new prototype, flight-like developmental propellant valves.  One unit shall be provided for integration on the prototype engine, while a second unit shall be provided to the Government for testing.  The valves shall be acceptance tested prior to delivery to the engine level to assure that the design complies with all specifications defined in the monopropellant engine PSRD.  The Contractor shall also provide spare parts sufficient to assemble a third valve.   Test results shall be included as part of the Option Period final test report.

5.3
Engine Test

The Contractor shall test the assembled RCE.  The Contractor shall perform testing per Section 6 of the applicable engine PSRD.  The Contractor shall also evaluate the performance and “ZOT” potential (bipropellant engine only) of the RCE over the range of inlet conditions and orientations specified in Section 4 of the PSRD.  The Contractor shall allow NASA access to the TRR and testing.  The Contractor shall also provide a test data distribution to NASA.  The design package and test results for the RCE shall be provided as a part of the Option Period final report.

The Contractor shall prepare and submit a Development Test Plan in accordance with DRD 1125DE-001.

The Contractor shall prepare and submit a Development Test Report in accordance with DRD 1125DE-005.

The Contractor shall prepare and submit a Development Test Procedures in accordance with DRD 1125DE-006.

5.4
Hardware/Design/Test Deliverables

The Contractor shall provide the following deliverables during the Option Period:

Prototype Engine Propellant Valves (1 assembled, 1 unassembled)

Prototype Engine (1) Assembled, Including Check Valves* and Propellant Valve(s)
Prototype Engine (1) Unassembled, Including Check Valves*, Without Propellant Valve(s) 
Prototype Engine Test Plan (Final)

Prototype Engine Test Results

Test Procedures

Option Period Final Report
* Check valves are only applicable to the bipropellant engine

NOTE: The remaining SOW Sections (Sections 6 through 9) apply to, and will be performed in, both the Base and Option Periods.

6.0
Project Management

The Contractor shall perform management functions and establish a management structure to plan, direct, and integrate all activities required by this Statement of Work (SOW) to assure compliance with technical, schedule, and financial commitments of the contract. The Contractor shall include a process for the timely disposition of corrective actions and provide for the reporting of technical data and financial management data as required.  The Contractor shall utilize established management structures and assign a Project Manager (PM) with the authority to direct contract activities. The PM shall assure that the technical, schedule and cost requirements of this contract are fully met.

The Contractor shall accomplish the management and technical control of interdivisional, subcontractor, and vendor activities required to fulfill the contract requirements.  The financial and performance data provided by the Contractor shall include management visibility into aspects of interdivisional, subcontractor, and major vendor activities relevant to accomplishing the contract requirements.

The Contractor shall prepare and submit a Project Management Plan in accordance with DRD 1125MA-001.

The Contractor shall prepare and submit a Contract Information Technology Security Program Plan (CITSPP) that documents how the contractor and subcontractor personnel will comply with the requirements of NPR 2810.1, Security of Information Technology.  The Contractor shall prepare the Contract Information Technology Security Program Plan in accordance with DRD 1125CD-001.

The Contractor shall provide technical information concerning any invention, discovery, improvement, or innovation made by the contractor in the performance of work under this contract. Technology Reports shall be prepared in accordance with DRD 1125CD-002.

6.1
Work Breakdown Structure
The Contractor shall prepare and submit a Work Breakdown Structure (WBS) and WBS Dictionary in accordance with DRD 1125MA-003.

6.2
Resource Planning

The Contractor shall develop and maintain a Program/Project Schedule, in accordance with DRD 1125MA-002. The Program/Project Schedule shall be viewable by NASA in a commonly used electronic format that is approved by the COTR.
6.3
Financial, Technical, and Schedule Reporting

The Contractor shall prepare and submit Financial Management Reports (533M and 533Q) in accordance with DRD 1125MA-007.
The Contractor shall prepare and submit Monthly Status and Final Reports for both the base and option periods in accordance with DRD 1125MA-006.
The Contractor shall prepare and submit Final Scientific and Technical Reports for both the base and option periods in accordance with DRD 1125MA-008.

6.4
Meetings and Reviews

Manpower, facilities, and data shall be prepared to support the formal reviews required within this scope of work.  Data required for each review shall be delivered in accordance with DRD 1125MA-005.
6.4.1
Weekly Technical Meetings

The Contractor shall conduct weekly technical meetings to provide NASA with a current status of the Contractor’s technical, schedule and financial performance under the contract.  Subcontractor and vendor activities required to fulfill the contract requirements shall be included as part of these meetings.  The meetings may be conducted by telecon from the Contractor’s facility.

6.4.2
Technical and Business Meetings

The Contractor shall participate in and support the following CLV Program meetings and milestone reviews and others as directed:
	Flight CLV FS Roll Control System (RCS) PDR
	January 2008


The Contractor shall conduct the following development RCE engine meetings and reviews:

	Prototype RCE System Requirements Review (PSRR)
	Contract Award +   1 month

	Prototype RCE Preliminary Design Review (PPDR)
	Contract Award +   4 months

	Prototype RCE Critical Design Review (PCDR)
	Contract Award + 10 months


6.4.3
Other Meetings and Reviews

The Contractor shall support other project meetings and reviews. These meetings shall comprise up to four (4) technical and four (4) budget reviews per year, status meetings, anomaly resolution meetings, and Government and non-contractor design reviews that impact the Contractor’s area of responsibility.  The Contractor shall provide for subcontractor participation where necessary. 

The Government, through the COTR, shall be invited to attend all design reviews with subcontractors.  The Government will respect the privacy of contracts between the Contractor and its subcontractors during these meetings.

6.5
Configuration Management and Control (CM&C)
The Contractor shall perform the configuration management and control required to ensure that the configuration of the hardware and software for which the Contractor is responsible is reflected in the hardware deliverables, data deliverables, and Contractor drawings.  The utilized CM&C, as well as associated released engineering, shall support conversion/release of documentation in a format appropriate and associated with human-rated system hardware with minimal cost.

The Contractor shall implement Configuration Management (CM) on hardware, firmware, and software (if applicable) in accordance with MSFC-STD-3394.  The contractor’s CM program shall provide the following:  (1) configuration identification, (2) configuration control, (3) configuration status accounting, and (4) configuration management verification and audits.  The contractor shall generate and deliver a Configuration Management Plan (CMP) in accordance with DRD 1125CM-001, which defines the contractor’s CM program and methods for implementation of the contract requirements.  The contractor shall provide the workforce, facilities and materials required to implement the CM program requirements, including the generation, updates and maintenance of all technical documentation.

The Contractor shall prepare an Acceptance Data Package (ADP) for all hardware deliverables, also referred to as Contract Items (CIs).  The ADP shall provide the Government with the documentation necessary to determine the acceptability of the delivered item(s).  The ADP shall accompany the CI at delivery and shall be retained by the Government.   The ADP shall be prepared and delivered in accordance with the requirements of DRD 1125CM-002.

Engineering changes, deviations, waivers and related data to Government controlled configuration documentation shall be generated and processed in accordance with DRD 1125CM-003.

Specification and drawing trees shall be provided in accordance with DRD 1125CM-004.

Engineering drawings and associated lists shall be provided to meet the requirements of ASME Y14.100 and ASME Y14.41 in accordance with DRD 1125CM-005.  This documentation shall define the detail design of the hardware and firmware for the system.

6.6
Data Management

The Contractor shall perform data management for the contract deliverables including documentation (in any agreed upon media), automated databases, and related products.  The utilized CM&C, as well as associated released engineering, shall be developed in a way that will economically facilitate a conversion of the media into a format that is compatible with the development of human-rated system hardware.

The contractor shall report and document this work and fulfill the requirements of associated Data Requirement Descriptions (DRDs) as outlined in Data Procurement Document (DPD) 1125 (Attachment J-2). The contractor shall determine the data restriction that applies to each data deliverable and mark or transmit the data restriction in accordance with Section 2.3.3 of the Data Procurement Document.

7.0
Systems Engineering

The Contractor shall establish definition, allocation and technical control of the hardware and/or software requirements and coordination of the engineering interfacing requirements. This task includes the identification, coordination, definition and control of design and test requirements, interface requirements, test planning and execution, and data evaluation. The Contractor shall use a combination of simulation analyses, testing results, and other design approaches to produce and mature a design that meets the requirements, cost and schedule constraints of the task.

In addition, the systems engineering effort shall include the design and engineering essential to evaluate and allocate hardware performance and operability requirements.  Special emphasis shall be placed on design features which enhance producibility and aid cost reduction of production hardware to minimize recurring costs associated with the CLV flight rate (up to six flights per year).  Technical metrics shall be established, with NASA concurrence, and shall be tracked and reported to ensure that the evolving design meets the requirements.

The Contractor shall provide technical data and analyses which describe the studies, analyses, and results of specific engineering activities at both PPDR and PCDR.  The data shall include such technical specialties as theoretical analyses, models, engineering verifications, engineering design trades, current problems and proposed solutions, and conclusions and recommendations.

The Contractor shall define all external mechanical, fluid, thermal, and electrical interfaces required for operation of the provided hardware. The external interfaces shall be documented in an Interface Definition Document.  The Contractor shall prepare and submit an Interface Definition Document in accordance with DRD 1125SE-002.
Risk Management is a continuous process that identifies risks; analyzes their impact and prioritizes them; develops and carries out plans for risk mitigation, acceptance, or other action; tracks risks and the implementation of mitigation plans; supports informed, timely, and effective decisions to control risks and mitigation plans; and assures that risk information is communicated among all levels of a program/project.  The Contractor shall include a list of significant open risks and associated mitigation plans in monthly progress/update reports.  Significant risks are those that have the potential to affect major development milestones and goals (i.e.: delivery delay, design-freeze date, cost ceiling, safety, technical trade-offs, etc.).

Risk management shall be implemented throughout the life cycle of the contract.   The Risk Management Plan shall provide specific information on how the contractor shall implement the risk management requirements of NPR 7120.5 by using the risk management procedures and guidelines specified in NPR 8000.4 and how risk items will be documented and communicated to the Government.   The approach shall be compatible with the Program and Project Office’s Risk Management Plan and should comply with the Project’s Work Breakdown Structure (WBS).  In addition, lessons learned submittals and search results, risk lists, risk analyses, and risk tracking reports shall be provided throughout the life cycle of the program/project.  The Contractor shall define risk management and reporting in accordance with DRD 1125MA-004.

As part of this activity, the contractor shall provide the following:

· Data, ROM cost, and schedule estimates required for human-rated DDT&E at both the component and thruster level.

· Recommendations for qualification testing and its associated schedule, ROM cost, and issues/concerns.

· Facility upgrade ROM costs and schedule.

· Requirements resolution and the associated schedule.

· Production schedule, ROM cost, and issues/concerns based on a shipset of at least 8 and no more than 16 thrusters at shipset intervals of 1 to 5 per year after completion of qualification.

Design features shall be addressed to reduce production costs.  The associated design, development, test, and engineering (DDT&E) risk for these changes shall be assessed and reported at both PPDR and PCDR.

Specifications (hardware, firmware and/or software) meeting the requirements of MIL-STD-961 as defined in DRD 1125SE-001, shall be prepared as required to define the hardware and software CI(s) and lower level performance and design requirements for the system configuration items and the related ground support equipment.  These specifications and related documentation will establish the Allocated Baseline for Configuration Control.

8.0
Safety, Health, and Mission Assurance 

The Contractor shall develop, document, and implement plans to ensure that safety and mission assurance (safety, reliability, maintainability, and quality) activities are implemented and are effective in the mitigation of risk for the program, including methods to measure their performance.  In addition, the Contractor shall ensure that subcontractors implement similar safety and mission assurance plans.  The Contractor shall develop an approach to risk management which integrates safety, reliability, maintainability, and quality.  

8.1
Safety and Health

The Contractor shall develop documented and auditable approaches to achieve safe project operations.

If any tasks under this contract are implemented on NASA property or in NASA facilities, these tasks shall comply with NPR 8715.3, NASA Safety Manual, as a minimum.  NASA Centers may have more restrictive safety requirements.

In developing the safety and health plan, the Contractor shall perform technical reviews of the safety aspects of all development efforts and operations to ensure that they are being conducted in accordance with sound safety engineering principles.  The Contractor shall use, as a minimum, generally accepted industry standards as related to the fluids, systems and operations involved with fulfillment of this contract effort, especially as they relate to N2H4, NTO, MMH, hypergolics and pressurized systems.  The Contractor shall adhere to the design specifications referenced in the applicable engine PSRD (see attachments J-3 and J-4).

The Contractor shall establish and implement an industrial safety, occupational health, and environmental program that (1) prevents employee fatalities, (2) reduces the number of incidents, (3) reduces the severity of employee injuries and illnesses, and (4) protects the environment through the ongoing planning, implementation, integration and management control of these programs in accordance with DRD 1125SA-001.  The SHE Plan shall address each of the following MSFC SHE core program requirements in detail that are applicable to the contracted effort: 
a.
Management leadership and employee involvement.

b.
System and worksite analysis.

c.
Hazard prevention and control.

d.
Safety, health and environmental training.

e.
Environmental compliance.
The Contractor shall report mishaps and safety statistics to the MSFC S&MA Office in accordance with DRD 1125SA-002.

8.1.1
Systems Safety

The Contractor shall develop a Preliminary Hazard Analysis (PHA) for use in the identification and mitigation of all identified hazards.  This PHA can be used to understand the safety risks associated with the hardware/technologies being developed and identify areas where additional hardware/technologies development work might be needed.  NPR 8715.3, “NASA Safety Manual” can be used as a guideline for development of this PHA.

For test operations, the Contractor shall develop Integrated Test Operations Hazard Analyses for all test operations involving the hardware being developed under this contract.

8.2
Reliability

The Contractor shall develop and implement an appropriate level of reliability analysis.  Reliability analyses shall be performed concurrently with design to indicate areas of risk, promote design improvements, and increase system reliability and supportability - the intent is not to count 9s, but to promote a more robust, capable system.  Reliability analysis techniques typically used to assess designs include reliability prediction analysis; failure modes, effects and criticality analysis; and fault tree analysis.  While not all analysis techniques are required, an FMEA document shall be maintained as a deliverable item.  It is up to the Contractor to propose a suitable reliability approach.  Engine and propellant valve reliability predictions shall be compared to the reliabilities of the Shuttle primary RCS engine and propellant valve, respectively.


The Contractor shall fully use results and observations made during the test program to assess equipment reliability and to identify potential or existing problem areas.

The Failure Modes and Effects Analysis (FMEA) effort is one of the most important program tasks to facilitate enhanced safety and mission success.  FMEA shall be initiated as part of an up-front integrated design effort with participation of component designers and pursued through all the phases of the program. FMEA shall identify design strengths and opportunities with respect to safety and/or mission risks and this analysis shall support integrated system design efforts. Functional FMEA shall be performed from the conceptual design stage, as part of an integrated design effort, and progressively transition to hardware FMEA as the design matures from Prototype Preliminary Design Review (PPDR) to Prototype Critical Design Review (PCDR) phases.  The Contractor shall prepare the Failure Modes and Effect Analysis in accordance with DRD 1125RM-002.

The Contractor shall implement an effective closed loop Problem Reporting and Corrective Action (PRACA) and Trending System vital to the success of the program for safety, reliability and maintainability assessment by assessing its current health and helping to improve the design and related processes based on lessons learned.  The PRACA system shall provide complete details on how the contractor plans to implement processes (including trending), tools (both qualitative and quantitative) and technologies to develop an effective system to assess the health of the current hardware, software and systems and also assess health/potential risks with a high degree of confidence.  The PRACA system shall facilitate enhancing safety and success of the program per current NASA Safety, Reliability and Maintainability Policies and Requirements as applicable to the program and project.  Reporting shall be in accordance with DRD 1125RM-001.

8.3
Quality Assurance

The Contractor shall provide a Quality Assurance program that describes the hardware and software QA work that will be done.  A QA program shall be employed to ensure that products conform to the specified requirements and demonstrate appropriate processes supporting a progression to flight hardware.  In the interests of cost effectiveness and efficiency, the Contractor shall consider the suitability of utilizing existing in-house programs/practices where possible.  The contractor’s quality system shall be compliant to SAE AS9100 and ANSI/ISO/ASQ Q9001-2000 or SAE AS9003 requirements.
The Contractor shall have a means to identify, document, and correct non-conformances, problems, and failures.  The Contractor shall notify the NASA COTR of any issues that may affect function, schedule, or cost during this contract effort. This notification shall be by telecon and e-mail from the Program Manager within 48 hours of the awareness of the issue.

8.3.1 
Right to Access 

All facilities and documentation used by the Contractor and its sub-tier contractors shall be open to evaluation by NASA.  In these cases, the Contractor shall arrange to provide NASA authorized representatives with access to areas in which work is being performed.  NASA will provide reasonable notification prior to any evaluations.  The contractor shall comply with FAR 46.202-4 “High Level Contract Quality Requirements”.


8.3.2 
Certificate of Compliance (C of C)

The Contractor shall provide a certification with each shipment to attest that the parts, assemblies, subassemblies, or detail parts conform to the Order requirements.  When applicable, the true manufacturers, lot, heat, batch, date code, and/or serial number shall appear on the certification.  MSFC shall perform inspection, as necessary, to determine the acceptability of all articles under this order.  All articles submitted by the contractor under this Order are subject to final inspection by MSFC.

8.3.3 
Calibration System

The Contractor shall have a documented Calibration System that meets the requirements of ISO 10012, “2003 Measurement Management System” quality assurance requirements for measuring equipment, or the American National Standard Institute (ANSI)/National Conference of Standards Laboratories (NCSL) Z540-1, General Requirements for Calibration Laboratories and Measuring and Test Equipment. 


8.3.4 
100% Attribute Clauses

The Contractor shall maintain, on file, as objective evidence, one reproducible copy of all inspection documentation stamped by the responsible quality inspector showing 100% inspection for all attributes noted on the drawings, for all parts submitted under this Contract/Purchase Order.

8.3.5 
Packaging, Handling &Labeling

The Contractor shall meet the Packaging, Handling & Labeling requirements of MIL-PRF-5558.  Marking shall be performed in accordance with MIL-STD-129.

8.3.6 
Workmanship

The Contractor shall perform the workmanship standard for surface mount technology in accordance with NASA-STD-8739.2.

8.3.7 
Shipping Documents

The Contractor shall generate the DD250 form and the MSFC QAR must be one of the approving officials for the DD250.  The DD250 will be a part of the Roll Control Developmental Engine documentation that is shipped with the hardware.  Final product acceptance will occur at Pre-Ship Review.  This will follow the MSFC management review and acceptance, including the MSFC S&MA Quality Lead review and acceptance.


Upon successful completion of testing at the contractor’s facility, the hardware and documentation shall be packaged and shipped by the contractor in accordance with the contract instructions or as provided by the COTR.  The hardware deliverables shall be declared “Program Critical Hardware” and as such shall conform to Class I and Class II of NPR 6000.1E, Requirements for Packaging, Handling and Transportation for Aeronautical and Space Systems, Equipment and Associated Components.  Handling, lifting devices and equipment shall conform to NASA-STD-8719.9, Standard for Lifting Devices and Equipment, Special Handling Plans and Procedures shall be identified, documented and submitted in accordance with DRD 1125LS-001.

8.3.8 
Record Retention

The Contractor and their sub-tiers shall maintain verifiable objective evidence of all inspections and tests performed, results obtained and dispositions of nonconforming articles.  These records shall be made available to MSFC and/or Government Representatives upon request and shall be retained in a safe, accessible location for the life of the program.  The Contractor’s records associated with the  manufacture of serialized or lot controlled articles shall  provide for continued traceability of serial number or lot number identification through all phases of manufacturing, commencing with the raw material and continuing through final acceptance of the end item.  Records shall be held for 10 years after delivery of the hardware.  These records shall not be destroyed without the MSFC's written concurrence.

8.3.9 
High Strength Fasteners

The contractor shall develop and implement a high strength fastener control program in accordance with MSFC-STD-2594.

8.3.10 
Contamination Control

The Contractor shall develop and implement a Contamination Implementation Control Plan in accordance with MIL-STD-164.  The Contractor shall prepare and submit a Contamination Implementation Control plan in accordance with DRD 1125MP-001.

The Contractor shall prepare and submit a Materials and Processes Identification and Usage List (MIUL) in accordance with DRD 1125MP-002.

The Contractor shall prepare and submit a Manufacturing and Assembly Plan in accordance with DRD 1125MP-003.

The Contractor shall prepare and submit a Materials and Processes Selection, Implementation, and Control Plan in accordance with DRD 1125MP-004.

The Contractor shall prepare and submit a Nondestructive Test (NDT) Plan in accordance with DRD 1125MP-005.

The Contractor shall prepare and submit Material Usage Agreements (MUAs) in accordance with DRD 1125MP-006.

8.4
Safety, Health, and Mission Assurance Deliverables

Safety, Health, and Mission Assurance deliverables shall include:


1.
Safety Assessments.


2.
Preliminary Hazards Analysis.


3.
Integrated Test Operations Hazard Analysis.


4.
Reliability Prediction Analysis.


5.
Failure Mode and Effects Analysis.


6.
Fault Tree documentation.

9.0
Data Requirements

9.1  
Other Data Deliverables

The Contractor shall conduct the necessary efforts to ensure all data for this task, required and deliverable, are prepared and managed in accordance with this contracted effort.  Data shall be made available to the Government in hardcopy and electronic format. Communication of the data may include on-site reviews, electronic data transfer, or other means used to provide information in advance of activities, to report status, and to document formal reviews, requirement compliance, and hardware performance.

The Contractor shall prepare and submit a Fracture Control Plan in accordance with DRD 1125DE-002.

The Contractor shall prepare and submit Fracture Control Reports in accordance with DRD 1125DE-003.

9.2
Documentation
The Contractor shall ensure the generation and delivery of all documentation as called out in the attached Data Procurement Document (reference Section J-2) and Data Requirement Descriptions (DRDs) (reference Section J-2).
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