Attachment A
Section C

STATEMENT OF WORK

CEV Propulsion Advanced Development Project

Propellant Isolation Valve

Exploration System Architecture Studies have identified an integrated main and reaction control propulsion system utilizing Liquid Oxygen (LO2) / Liquid Methane (LCH4) propellants to provide CEV Service Module Propulsion.  This system utilizes a common pressurization system, common propellant tankage, and a sub-cooled liquid feed system with reaction control system (RCS) thrusters and a single or multiple main engine(s), all pressure fed.  The propellant combination and architecture of this propulsion system are novel and require risk reduction prior to detailed design and development. This Government led project will perform analysis, design, fabrication and testing to provide risk reduction for this propulsion architecture to support CEV Preliminary Design Review (PDR). This project will build and test high-risk subsystems and features in relevant or near relevant ground and aircraft flight test environments to accomplish primary risk reduction. Once the CEV prime contractor is selected, the prime contractor will participate with the Government in conduct of the Propulsion Advanced Development, in order to incorporate all risk reduction and knowledge gained into the Flight Propulsion System Design.

The objective of this effort is to design, develop, fabricate, test and deliver a set of cryogenic propellant isolation valves.  This effort is part of the Crew Exploration Vehicle (CEV) propulsion system advanced development activity aimed at reducing the risk of developing non-toxic propulsion systems based on liquid oxygen / liquid methane propellants.  A common valve design will be used for both propellants.  The valve will have two primary purposes:  slow operation for controlling surge pressures during manifold repriming and fast operation for quick isolation or system reconfiguration.

1.0 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.

1.1 Work Plan

As part of the proposal, the Contractor shall provide a Work Plan as defined in Section F.5.  The Contractor shall revise the Work Plan as deemed necessary by either the Contractor or NASA COTR during the period of performance.  The Work Plan shall include a Work Breakdown Structure (WBS). The contractor’s schedule, included in the Work Plan, shall include the activities necessary to obtain any required export licenses (see SOW paragraph 1.7 below).   The Work Plan shall be approved by the NASA COTR.

1.2 Resource Planning

The contractor shall provide financial planning as required to support the Government budget process [i.e., Program Operating Plan (POP) budget calls, monthly operating plan budget calls and geographical economic impacts], and to support special requests for budget impacts.  

1.3 Financial, Technical, and Schedule Reporting

The Contractor shall provide financial reports (533M and 533Q) as defined in Section F.5.  

The Contractor shall provide written monthly Technical Progress Reports as defined in Section F.5.

The Contractor shall provide a final report as defined in Section F.5.

1.4 Meetings and Reviews

1.4.1 Biweekly Telecon Reviews

The contractor shall conduct Biweekly Telecon Reviews (every other week) to provide NASA with current status of the contractor’s technical, schedule and financial performance under the contract.   

1.4.2 Technical and Business Meetings

The contractor shall participate in and support the following project technical and business meetings currently planned for the dates indicated:

	Initial Kickoff meeting
	within 4 weeks of award

	Propulsion Subsystem System Requirements Review (SRR)
	March 2006

	Integration Meeting with CEV Prime
	June 2006

	
	


1.5 Configuration Management and Control

The Contractor shall perform the minimum 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 data deliverables and contractor drawings.

1.6 Data Management

The contractor shall perform data management for the contract deliverables including documentation (in any media), automated databases, and related products. 

1.7 Export Control Plan

As part of the proposal, the contractor shall deliver an Export Control Plan that addresses the contractor’s plan for compliance with the International Traffic in Arms Regulations (ITAR), 22 CFR Parts 120 through 130, and the Export Administration Regulations (EAR), 15 CFR Parts 730 through 799, during contract performance.  Pursuant to 1852.225-70 and performance based contracting principles, the contractor shall be primarily responsible for export compliance under this contract and should not rely on NASA to obtain necessary licenses in execution of the contracted work. The export control plan shall be integrated with and address impacts to the contractor’s overall performance schedule
2.0 Systems Engineering

The Contractor shall conduct the necessary efforts to 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 utilize a combination of simulation analyses, testing results, and other design approaches to produce and mature the 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. Technical metrics shall be established with NASA concurrence, 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.  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 required external interfaces required for operation of the provided hardware and/or software. Interface Control Documents, per DRD 302) shall be prepared to capture and track these interfaces.  
Deliverables (reference section 5.1):

Test and Instrumentation Plan
Technical Performance Metrics (TPM) Assessment

Test Report

Test Readiness Review Package


Problem Failure Reports

Hardware Specifications

Interface Control Documentation


Design/Analysis Data Package

3.0 Safety, Health, and Mission Assurance

The contractor shall develop, document, and implement a plan to the appropriate level to ensure that necessary 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.  

3.1 Safety and Health

The contractor shall develop 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.
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 should use as a minimum generally accepted industry standards as relates to the fluids, systems and operations involved with fulfillment of this contract effort, especially as they relate to oxygen, methane, cryogenics and pressurized systems.  The contractor can reference the following documents for guidance on some of these matters:
JPR 1710.13
Design, Inspection and Certification of Pressure Vessels and Pressurized Systems.


ANSI/AIAA S           Space Systems Standard, Metallic Pressure Vessels,

-080-1998
Pressurized Structures, and Pressure Components

ASTM Manual 36
Safe Use of Oxygen and Oxygen Systems, Guidelines for Oxygen System Design, Materials Selection, Operations, Storage, and Transportation.
JPR 5322.1F
Contamination Control Requirements


MIL-PRF-25508F
Propellant, Oxygen
19 October 1995

MIL-PRF-27407B
Propellant Pressurizing Agent, Helium
25 August 1997

The contractor shall perform safety assessments of all systems, sub-systems, and/or components prior to operation to identify the risk to personnel or equipment.  These safety assessments shall include qualitative and/or quantitative safety risks to people or property along with recommendations either reduce the risks or accept them.  The safety assessment report shall be submitted to the Government for review and acceptance.  The Government has the right to accept or deny the residual risk associated with the contract task. 
3.1.1  Systems Safety

The contractor shall develop and implement an approach that provides for the identification of hazards.  A Preliminary Hazard Analysis (PHA) can be used as a tool for identifying and mitigation planning for all 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 the development of this PHA.

For test operations the contractor should develop integrated test operations Hazard Analyses for all test operations involving the hardware being developed under this contract.  
3.2  Reliability

The contractor shall develop and implement an appropriate level of reliability analysis.  Reliability analyses should 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 9's, but to promote a more robust, capable system.  The following paragraphs should be used in defining the reliability analyses that will be used to asses the design.  Not all analysis techniques are required, but it is up to the contractor to propose a suitable reliability approach.
3.2.1 Reliability Prediction Analysis

The contractor can perform a reliability prediction analysis. The assessment should identify the source of basic reliability values used in evaluating the performance. [i.e. published  data sources, vendor data (including MTBF), demonstrated test data, etc.] Components for reliability improvement should be identified, and recommendations can be made for design improvement, higher quality level of parts, sparing, or reduction in planned operating time. 

Verification of reliability requirements (system level probability of success) should be by analysis of the design as it evolves. If sufficient life test or accelerated stress-test data is available, reliability estimates can be updated. 

All reliability predictions should take into account operating and non-operating times.







3.2.4  Analysis of Test Data

The contractor should fully utilize test information during the normal test program to assess equipment reliability performance and identify potential or existing problem areas.

3.3  Quality Assurance

The contractor shall provide a Quality Assurance (QA) program that describes the hardware and software QA work that will be done.  A QA program should be employed to ensure that products conform to specified requirements and demonstrate appropriate processes supporting a progression to flight hardware.  In the interests of cost effectiveness and efficiency, the contractor should consider the suitability of utilizing existing in-house programs/practices when possible.  
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 problems or failures that occur that may affect function, schedule, or cost during this contract effort. 

3.4 Deliverables

Deliverables include all safety assessments, preliminary hazard analysis, integrated test operations hazard analysis, reliability prediction analysis documenting work performed during this contract effort.


4.0 PROPELLANT ISOLATION VALVE

4.1  Description of End Items

Advanced Development Units: Four (4) propellant isolation valves shall be delivered to NASA in accordance with the delivery schedule listed in the contract.  These units are intended for NASA testing in a vacuum environment with simulated and actual propellants.

4.2  Applicable Standards and Specifications

The following standards and specifications are applicable to the extent specified herein.  
TBD

4.3  Performance Requirements
4.3.1 General Operation:  

The valve shall be an electromechanically actuated design with a minimum of 2 operating speeds in each direction.  Controls beyond the minimum and maximum speeds described here in are acceptable.  
All valve elements including the EMA shall operate nominally at cryogenic temperatures
4.3.2 Interoperability:  

The valve shall be designed to operate with either propellant.

4.3.3 Position Hold:  

The valve shall remain in its last actuated position unless powered to a new position.  The valve will not travel in any direction as a result of vibration or the application of external loads.
4.3.4 Opening Response:  

The valve opening response shall be controllable from a minimum of 0.25 sec to a maximum of 3.0 sec.

4.3.5  Closing Response:  

The valve closing response shall be controllable from a minimum of 0.25 sec to a maximum of 1.0 sec.

4.3.6 Flow/Delta-P: 

The valve delta pressure shall be minimized, and shall be no greater than 10 psid when flowing liquid oxygen at 36 lbm/sec at maximum design pressure and no greater than 3 psid when flowing liquid methane at 12 lbm/sec at maximum design pressure.  Delta pressure values include inlet filter.
4.3.7 Internal Leakage:  

With maximum design pressure at the closed inlet to the valve, zero psia at the outlet port and with the valve conditioned to liquid oxygen or liquid nitrogen temperature, the total internal leakage shall not exceed 1x10-3 sccs gaseous helium through the valve and relief valve.
4.3.8 External Leakage:  

With maximum design pressure internal to the valve, operating in a vacuum and the valve conditioned to liquid oxygen or liquid nitrogen temperature, the external leakage shall not exceed 1x10-6 sccs gaseous helium over the cycle life specified herein.

4.3.9 Pressure Relief Device:  

The valve shall include an integral pressure relief valve capable of automatically relieving pressure from the outlet port to the inlet port of the valve when the valve is in the closed position.

4.3.9.1 Relief Valve Flow Capacity: 
0.5 scim minimum

4.3.9.2 Relief Valve Pressure Differential: 
33 to 50 psid maximum

4.3.9.3 Relief Valve Reseat Pressure:  
33 psid minimum

4.3.10 Heat Leak: 

The valve needs to be designed with the intent that in the intended application that NASA will insulate the valve body and motor housing with multilayer insulation (MLI), thereby eliminating any heat transfer with the environment, and tested in a vacuum (10-4 torr or better).  Support struts will be fabricated of very low thermal conductivity material to minimize heat leak into the valve.  Insulation and support struts will be designed and tested by NASA.

4.4 Physical Requirements

4.4.1 Maximum Design Pressure:  

The maximum design pressure shall be 500 psia at 580 (R.

Rationale:  Fluid temperatures of up to 580 ºR may be seen.

4.4.2 Proof Pressure:  

The minimum proof pressure shall be 750 psia at 530 oR.

4.4.3 Burst Pressure:  

The minimum burst pressure shall be 1250 psia at 530 °R. 

4.4.4 Weight:  

The combined target weight for the valve, EMA, relief device, and filter is no greater than 5 lbm.  The advanced development hardware shall be designed such that there is a demonstrable path to meet the target weight.

4.4.5 Fluid Connection:  

The inlet and outlet connections are anticipated to be of 2” OD tube stubs with 37° flares per AS4330, including flare sleeves and flare nuts. 
Rationale:  The intent of this specification is for ease of integration into ground testing facilities.  
4.4.6 Filter: 

The valve shall include a filter at the inlet, which will be selected by the contractor to protect the valve.
4.4.7 Mounting Provisions:  

The valve shall include provisions for mounting.

4.4.8 Shaft Seals:  

If dynamic shaft seals are used in the valve design, they shall be either redundant or hermetic.
4.5 Electrical Requirements 
All electronics and controllers shall be able to support ground testing, but need not be of flight quality
4.5.1 Voltage:  

The valve shall operate at 28 +5 (TBR)/-4 (TBR) Vdc.

4.5.2 Current Draw:  

The valve shall draw no greater than TBR amps of current at any possible combination of operating conditions.  The contractor shall provide this value. 
4.5.3 Electrical Interface:  

The electrical interface to the valve shall be an MS-style connector.  

4.5.4 Insulation Resistance:  

The insulation resistance between the valve body and the valve electrical connector pins shall be a minimum of 100 megohms when measured at 530 (R with a potential of 500 vdc.

4.5.5 Dieletric Strength: 

The current leakage between the valve body and the shorted motor leads shall not exceed 0.5 milliampere when measured at 530 (R with a potential of 500 vac for 60 seconds.

4.5.6 Electrical Bonding:  

The resistance between the ground pin/wire and the valve body shall not exceed 100 milliohms.

4.5.7 Position Indication:  

The valve shall indicate a discrete full open or full close position with a goal of variable position indication.
4.6 Life Requirements

4.6.1 Cycle Life:  

The valve shall be capable of completing a minimum of 250 open/close no-flow cycles (dry, or with inert gas) and 250 open/close flow cycles (with cryogenic fluids).  A no-flow cycle shall consist of actuating the motor to open the valve, allowing the inlet and outlet pressures to stabilize, and then driving the valve closed.  A flow cycle shall consist of actuating the motor to open the valve, flowing liquid oxygen or liquid methane propellants at the maximum design pressure and the flow rates specified herein, and then driving the valve closed.  The position indicator switches shall operate during each cycle.



4.7 Environmental Requirements
4.7.1 Thermal Environment:  

The valve shall operate in an environment from 140 °R to 580 °R.
Rationale: Ambient temperatures of up to 580 ºR can be expected as part of ground testing with inert gas.  The valve needs to survive this upper temperature limit.
4.7.2 Fluid Temperature:  

The valve shall operate with fluids between 140 °R and 580 °R.
Rationale:  Fluid temperatures of up to 580 ºR may be seen.
4.7.3 Pressure:  

The valve shall operate over an external pressure range of 10-6 torr to 15 psia.



4.8 Materials and Processes

4.8.1 Welding:  

TBD

4.8.2 Soldering:  

TBD

4.8.3 Contamination Control:  

All wetted surfaces shall be cleaned to 100 A per JPR 5322.1F
4.8.4 Acceptable Materials: 

Materials used in construction of the valve shall be compatible with the requirements specified herein.  

4.8.5 Fluid Compatibility:  

The valve shall be compatible with liquid and gaseous oxygen, liquid and gaseous methane, liquid and gaseous nitrogen and gaseous helium.  For cleaning and flushing, the valve shall be compatible with deionized water, isopropyl alcohol and HFE7100.
4.8.5.1  

Fuel:  Fuel shall be cryogenic methane defined herein as a purified version of liquefied natural gas (LNG) with the following mol % composition: 98.5% methane (minimum), 1.5% ethane (maximum), 0.5% nitrogen (maximum) and the balance as trace contaminants consisting of propane/propylene, carbon dioxide, hydrogen sulfide (H2S), organic sulfur, carbon monoxide, water, oxygen and aromatics.  


4.8.5.2

Oxidizer:  Oxidizer shall be cryogenic oxygen in accordance with MIL-PRF-25508F, Type II Grade B (minimum) or equivalent.


4.8.5.3

Propellant Inert Pressuring Fluids:  Propellants inert pressurizing fluid shall be helium in accordance with MIL-PRF-27407B, Type I Grade A or equivalent.


4.8.6 Part Identification:  

Each valve shall be marked with the part identification, including the following (as a minimum):  manufacturer’s model number consistent with the drawings, manufacturer’s name or trademark, a unique serial number for each valve, maximum pressure rating (MDP) and flow direction.  

4.9 Drawings:  

The drawings shall include specifications of materials and processes that describe the material content and properties of the valves.  Drawings shall be submitted for review prior to the start of fabrication.  
4.10 Analysis:  

The Contractor shall perform analyses as required to demonstrate that the design meets the requirements specified herein.  The Contractor shall deliver analysis reports documenting the analyses performed.

4.11 Evaluation Matrix:  

A Evaluation Matrix shall be prepared and submitted with the proposal.  This Matrix shall show the methods used to demonstrate that all Section 4.0 requirements are met, and provide an evaluation of mass, power and volume.  Acceptable methods are test, analysis, similarity and inspection.  

4.12 Testing:  

The Contractor shall perform testing on each deliverable end item to demonstrate acceptable performance.  Test data packages shall be provided with each deliverable end item.

4.13 Deliverables

The contractor shall deliver the following items:
1)  All design, development, testing and evaluation information documenting work performed during this contract effort, including but not limited to information, data, analyses, models, evaluations, trade studies, hardware specifications,  procurement specifications, drawings, design reviews, data packages, test plans, instrumentation lists, procedures, schematics, test data, test result evaluations, and test reports.


Test and instrumentation Plan in accordance with DRD 001

Technical Performance Metrics Assessment in accordance with DRD 002


Test Reports in accordance with DRD 101

Problem Failure Reports in accordance with DRD 102


TRR Data Packages in accordance with DRD 202


Hardware Specs in accordance with DRD 301

Interface Control Documentation in accordance with DRD 302


Analysis and Models in accordance with DRD 402

2)  4 Propellant Isolation valves and acceptance data packages for each

3) All necessary hardware and software to operate the valve in a ground test environment, including control hardware and software, and mating half electrical connector.  

5) Evaluation matrix
5.0  Data Requirements

5.1  Data Deliverables

The contractor shall conduct the necessary efforts to ensure all data, required and deliverable, for this task is prepared and managed in accordance with this contracted effort.  Data shall be made available to the government in hardcopy and electronic form. 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. 

5.2  Type Definition

The following definitions apply to “Type” column in Section 5.3 of this SOW.

Type 1 – Approval: NASA Approval required. The Contractor shall not implement the document until NASA approval is granted.

Type 2 – Reviews: NASA Review required. The Contractor may implement the document if not notified of corrective actions within 5 calendar days after receipt by NASA.  All NASA identified corrective actions must be resolved before continuing with document implementation.

Type 3 – Information: No NASA action required.

5.3  DRD Deliverables

Subject to the Rights in Data clause, this appendix sets forth the data requirements in each Data Requirements Description (DRD) and shall govern that data required by the contract as referenced in the Statement of Work. In cases where data requirements are covered by a Federal Acquisition Regulation (FAR) or NASA FAR Supplement (NFS) regulation or clause, the regulation will take precedence over the DRDs, per FAR 52.215-8.  The DRDs are numbered as follows:

0xx
Plans

1xx
Reports

2xx
Review Requirements

3xx
Specifications/Interface Control Documentation

4xx
Other

	DRD Number
	Document
	Due Date
	Quantity
	Type

	001
	Test and Instrumentation Plan
	10 days prior to testing
	1 hardcopy 

1 electronic
	3

	002
	Technical Performance Metrics (TPM) Assessment
	Initial TPM Assessment with task proposal.

Updates as maturation events occur and at design reviews.
	1 hardcopy 

1 electronic
	3

	004
	Product Assurance Plan
	60 days after contract award
	1 hardcopy 

1 electronic
	3

	101
	Formal Test Report
	30 days after test
	1 hardcopy 

1 electronic
	3

	102
	Problem Failure Reports
	As generated and updated
	1 hardcopy 

1 electronic
	3

	202
	Test Readiness Review Package
	30 days prior to test
	1 hardcopy 

1 electronic
	3

	301
	Hardware Specifications
	10 working days prior to PDR, CDR
	1 hardcopy 

1 electronic
	3

	302
	Interface Control Documentation
	10 working days prior to PDR, CDR
	1 hardcopy 

1 electronic
	3

	401
	Risk Assessment
	Initial risk assessment with task proposal.

Updates as risks are identified or retired
	1 hardcopy 

1 electronic
	3

	402
	Analyses and Models
	10 working days prior to PDR, CDR
	1 hardcopy 

1 electronic
	3


The content requirements for the documentation deliverables identified in this Statement of Work are described in the following paragraphs:

TITLE:  Test and Instrumentation Plan
DRD NO: 001

Facility/rig adaptations, instrumentation or testing efforts shall not proceed until NASA COTR approval of the relevant test and instrumentation plan.

Test plans shall include, but not be limited to: test objectives, test techniques, test procedures, test hardware required (including spares), test facility and required facility/rig adaptations, data reduction procedures, and detailed schedule changes. Changes that affect test intent, cost, or schedule require NASA COTR review and approval.  Minor test plan changes that do not affect test intent, cost or schedule, may be accomplished without prior NASA approval. NASA shall be notified of these minor changes.

Instrumentation plans shall include, but not be limited to: a layout of proposed instrumentation locations, list of types selected, estimate of accuracy of all measurements and calculated performance data, fabrication or assembly requirements, and data acquisition and reduction equipment. Methods used to determine performance during operation shall also be included.

TITLE:  Technical Metrics Plan/Assessment
DRD NO: 002

The Technical Metrics Plan/Assessment shall:

1.
Define the metrics tracking and management process

2.
Identify the assessment frequency

3.
Identify the key metrics for tracking

4.
Provide all periodic assessments along with trending information

This document shall be submitted to the NASA COTR for concurrence of the assessment process and frequency within 60 days of task initiation.  Updates of this document shall be provided based on the assessment frequency.
TITLE:  Product Assurance Plan
DRD NO: 004
The Product Assurance Plan (PAP) outlines the entire structure and plan for the Safety and Mission Assurance program, and describes each of the following activities:
a. Define the interfaces and responsibilities among the Project, SE&I, and S&MA.

b. Incorporate health and safety principles in all planning. 

c. Perform assessment and documentation of each hazard. 

d. Perform a safety assessment of readiness, explicitly noting any exceptions arising from safety issues and concerns. 

e. Provide a reliability, maintainability, and parts assurance program appropriate to the needs of the project. 
f. Provide for an effective Quality Assurance (QA) Program, which assures that quality requirements are met through control of design, operations, processes, procedures, testing, and inspection. 

g. Provide for a software development approach that complies with NASA Software Policy. 
h. Provide for a tailored risk management approach that complies with NASA Policy.
The PAP applies to products (hardware, software, testing services, and scientific research) throughout their life cycle including the development, design, fabrication, assembly, testing, and operation.
TITLE:  Formal Test Report
DRD NO: 101

A formal Test Report shall include, but not be limited to the following information:

1. Description of test objectives, test facility, and hardware

2. Discussion of test techniques and procedures

3. Layout of instrumentation including types, accuracy, and locations (include appropriate pictures, drawing and sketches)

4. Summary of problems and corrective action

5. Discussion of test results versus objectives

6. Presentation of analyses conducted to support test activities

7. Appropriate Product Assurance procedures

8. Conclusions and recommendation

This report shall be a Formal Report (NASA Cars) prepared in accordance with the guidelines for Formal Report outlined in GRC Technical Memorandum 100270 that can be reviewed at http://ltid.grc.nasa.gov/Publishing/editing/vidcover.htm.

TITLE:  Problem/Failure Report
DRD NO: 102

The Contractor shall prepare a failure report for each problem/failure that may affect overall program, function, schedule, or cost. The Contractor shall notify the NASA COTR of such problems/failures within twenty-four (24) hours of the problems/failure occurrence. An interim issue of the report shall be prepared and issued within five (5) working days containing such information as is known at the time of the problem/failure. Two copies of each report shall be sent to the NASA COTR. Failure report format shall be included in the Product Assurance Plan. Failure reports that are pending will be listed in the monthly reports. A final Failure Report shall be prepared and issued upon completion of the analysis and corrective action. The Problem/Failure Report shall include:

1. Description of the problem/failure

2. Date and time of occurrence

3. Operating conditions at time of problem/failure or at time of detection

4. Cause (or probable cause for the interim report)

5. Corrective action(s) taken or planned to prevent recurrence including reference to design changes incorporated to correct the condition (for final problem/failure report)

6. Failure analysis reports, test data, or other information

TITLE:  Test Readiness Review Package
DRD NO: 202

A Test Readiness Review Package shall provide to the NASA COTR information required for evaluating the Contractor’s preparedness for, the technical merits of, and the programmatic impact of the planned test and test series. A Readiness Review Package shall include as a minimum:

1. Review Agenda

2. Responses to status of open action items/recommendations generated at prior reviews

3. Full size, reproducible copies of each figure presented at the subject review including brief, approximately one-page, written discussion of each figure that is not self-explanatory

4. Updates of items required from appropriate Conceptual, Preliminary or Detailed Design Review

5. Summary of Test and Instrumentation Plans

6. Status of preparation for the tests

7. Reliability Analysis

8. Safety and Hazard Analysis

9. Evidence that corrective action resulting from analyses was incorporated into the articles involved

10. Supporting material, (e.g., relevant model test results, etc.).

Where supporting material has been submitted prior to, or concurrent with, this requirement, such material may be incorporated within this requirement by reference.

In addition to the above, the Contractor shall provide one (1) transparency of each figure request by the NASA COTR.

TITLE: Hardware Specifications
DRD NO: 301

Specifications provide the performance, design detail, and verification requirements for the system and support equipment. Specifications shall be prepared in accordance with MIL-STD-961, Appendix A.
TITLE: Interface Control Documents
DRD NO: 302

The ICD’s contain all requirements necessary to describe and control the interface between two end items or elements. The ICD’s shall contain all requirements (physical, functional, and performance) necessary to describe and control the interface between two (or more) end items or elements.  ICD content shall be sufficient to assure hardware, software and associated data and functional compatibility of the interfacing end items.

TITLE:  Risk Assessment
DRD NO: 401

Risk Assessments shall be prepared to identify possible high risk areas and appropriate plans for risk mitigation for individual task orders. Risk assessments also define critical program paths for each risk element and assess the risk of achieving technical objectives, goals, and schedules within budget. Risk Assessments shall be based on individual risk assessments for constituent activities, i.e. the various WBS components and subsystems. The individual risk assessments shall define critical program paths for each element and shall assess the risk of achieving technical objectives and goals on schedule and within budgeted funds. Plans and associated costs to provide risk reduction through alternate or backup approaches, if such action is required, shall be included. Risk assessment methodology, trade-offs and impact of risk reductions (alternate or backup approaches) on goals, schedules, and task order costs shall also be included. 

TITLE:  Analyses and Models
DRD NO: 402

Analyses and Models cover the performance of the Propulsion element. Analyses shall be made to predict the performance from beginning of development life to termination of the life cycle.  Analysis shall include consideration of system performance uncertainties, other propulsion operation and duty cycle, thruster alignment uncertainties, and flight dispersions. Analytical processes shall be described and analysis inputs identified.  Nominal and contingency performance will be described.  The following trades for the propellant isolation valve shall be made to assist in future scalability options for future development; mass vs speed, speed vs cost, cost vs mass.  
