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ATTACHMENT J-2

Crew Exploration Vehicle – (CEV)


ATTACHMENT J-2

STATEMENT OF WORK

Scope of the Crew Exploration Vehicle Statement of Work

This contract is for Phase 1 of a phased acquisition and consists of definition and design activities culminating in completion of a Preliminary Design Review (PDR) for the Crew Exploration Vehicle (CEV) System. The CEV System design is required to meet Spiral 1 and 2 requirements as a threshold with an objective of meeting Spiral 3 requirements. 
The Contractor shall participate in a NASA-led Constellation System of Systems Requirements Review (SRR). CEV System requirements will be refined as part of contract performance through SRR. The contractor shall execute a Systems Design Review (SDR) followed by a Preliminary Design Review (PDR) for design of the CEV System. For analysis purposes, the CEV lifecycle duration is defined as 20 years after 1st vehicle delivery, supporting a flight rate of up to 4 missions per year.
The contract also includes the Flight Application of Spacecraft Technologies (FAST) that provides risk reduction for the first human flight of the CEV in 2014. The FAST effort will culminate in support of the CEV Preliminary Design Review. The Contractor shall be responsible for all aspects of the flight demonstration. This shall include design of the test article, developing the ground systems, procuring the launch vehicle, preparing the ground tests and facilities, and operating the flight test article during the flight test including landing and recovery activities. The Contractor shall be responsible for all plans and procedures necessary to execute the test, and shall be responsible for coordination with all impacted test ranges. The Contractor shall satisfy the requirements levied by those ranges. 

The CEV System is one element of the Constellation System of Systems that together will provide the capabilities required under the Spiral Development process. The Constellation Work Breakdown Structure (WBS) defines the CEV as element 4.1.8. This Statement of Work (SOW) is organized using the WBS structure in Attachment J-5 presuming the 4.1.8 Constellation prefix throughout. In this SOW, the following naming conventions apply:

· Crew Exploration Vehicle (CEV) – The system that transports humans to Low Earth Orbit (LEO), Lunar Orbit and back to Earth.

· Crew Transportation System (CTS) – The CEV, the CEV launch vehicle, and the ground systems necessary to operate the CEV.

· Constellation – The elements of the Constellation System of Systems including the CEV Launch Vehicle, Lunar Surface Access Module, Earth Departure Stage, Ground Support System, In-Space Support System, Destination Surface Systems, and other Constellation Systems such as a common docking mechanism, common rendezvous and proximity operations sensors, the common Constellation communications architecture, flight crew equipment including provisions for EVA, and standardized human interfaces.
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1
Program Management


1.1
Program Management and Administration

a)
The Contractor shall perform the management functions to assure accomplishment of all outcomes and deliverable products required by this contract. Achievement of a successful Preliminary Design Review is the principal objective of this contract. The Contractor shall also manage the Flight Application of Spacecraft Technology (FAST) in such a way as to provide the most benefit and greatest risk reduction without impeding progress on the work necessary to hold a successful Preliminary Design Review (PDR). 

1.1.1
Program Management, Systems, Planning and Reporting

a)
The Contractor shall effectively manage all work to be performed under this contract including that performed by all subcontractors and team members. The Contractor shall manage the work performed by the Prime, subcontractors and team members to ensure that progress is tracked against plans and any variances are discovered and addressed in an effective manner. The Contractor shall provide the systems and processes required for the planning, organization, control surveillance and reporting of contract activities to ensure disciplined performance of work and timely application of resources necessary for completion of all tasks in this Contract. These systems and processes shall be adequate to assure completion of all program safety, technical, schedule, and cost objectives. The Integrated Master Plan (IMP) and Integrated Master Schedule (IMS) shall be used as critical tools to manage this contract.

b)
The Contractor shall develop an organization chart identifying their management reporting structure and all personnel including subcontractors by location.

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-M-001: CEV Organization Structure 

1.1.2
Performance Management Reviews and Performance Metrics

a)
The Contractor shall conduct monthly and quarterly Performance Management Reviews (PMRs) with the Crew Exploration Vehicle Project Office (CEVPO), in accordance with DRD CEV-M-003, Performance Assessment Plan, Reports and Management Reviews for the work performed on this contract. The reviews shall provide the CEVPO with insight into the Contractor's, subcontractors', and vendors' overall technical, schedule, and cost performance and status. The PMR presentations shall include the Technical Performance Parameters selected by the NASA Project Manager.

b)
The Contractor shall define metrics indicating the level of success and quality of the execution of contract requirements and the status of the Contractor's performance against performance standards and document standards through the DRD CEV-M-003, Performance Assessment Plan, Reports and Management Reviews. The Contractor shall present the metrics and performance data at the PMRs.

c)
The Contractor shall define the metrics in accordance with the DRD CEV-M-003, Performance Assessment Plan, Reports and Management Reviews.

d)
The Contractor shall document the Technical Performance Parameters, selected by the NASA Project Manager, in the Performance Assessment Plan and each month in the Performance Assessment Reports.

e)
The Contractor shall provide NASA access to the earned value and technical performance metrics and management information in the Contractor's integrated management information system. Reference Section H clause entitled, Electronic Data Access.

f)
PMR presentations shall depict earned value and technical performance measurement, quality, safety, accomplishments, issues and corrective actions, technical performance parameters and related company financial status, including rates and any other data necessary to status the CEVPO.

g)
The metrics shall be developed by the Contractor as defined in the DRD CEV-M-003, Performance Assessment Plan, Reports and Management Reviews, with applicable DRD CEV-M-003 metrics reported to meet the Integrated Collaborative Environment (ICE) requirements (ref. SOW section 1.1.3 ICE) and also relevant DRD CEV-M-003 metrics reported at the Performance Management Review.

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-M-003: Performance Assessment Plan, Reports and Management Reviews 

1.1.3
Integrated Collaborative Environment

The Integrated Collaborative Environment (ICE) is the primary means of sharing, reporting, collecting, recording and accessing program information between NASA, CEV Contractor, major/critical subcontractors and authorized U.S. Government personnel connected with the CEV Project. ICE provides real-time collaborative access to a single source of management information, product information and technical data. ICE is the principal mechanism for integrating a “program” digital information management environment.

a)
The Contractor shall use ICE for delivery of all data. 

b)
The Contractor shall use the interactive collaborative configuration management and document management environment of ICE for configuration management of CEV Project Directives and change control.

c)
The Contractor shall comply with guidelines of Appendix 2, ICE Operating Environment

d)
The Contractor shall implement ICE using one of the three options described in Appendix 2, ICE Operating Environment, Section II, Data Access Requirements. 

1.1.4
Configuration Management/Data Management

a)
The Contractor shall develop and implement Configuration Management (CM) and Data Management (DM) systems responsive to the guidelines and requirements in the Configuration and Data Management Plan for Constellation Systems (Document 0000028448). 

b)
The Contractor shall perform the configuration management and data management throughout the life of the contract.

c)
The Contractor shall integrate the CM and DM systems across all pertinent program elements such as modeling and simulation, manufacturing, operations, quality, as well as acquisition organizations including customer and vendor Configuration and Data Management (CDM) systems.

d)
The Contractor shall periodically verify and validate their CDM system by an internal audit process.

e)
The Contractor shall develop and implement a CM Plan and a DM Plan defining the Contractor's CM and DM program and method for implementation of the contract CM and DM requirements.

f)
The Contractor shall implement and maintain a configuration status accounting system that provides information defining the as-designed and as-built configuration of the system hardware, firmware and software and the status of changes to this configuration.

g)
The contractor’s CM and DM systems shall provide the following: (1) configuration and data identification, (2) configuration and data control, (3) configuration and data status accounting, and (4) configuration and data management verification and audits.

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-M-004: Configuration Management Plan

· DRD CEV-M-005: Data Management Plan 

1.1.5
Risk Management

Risk Management will be applied to all phases of the CEV Project as an integral part of program management.

a)
The Contractor shall identify, evaluate, manage, and control the safety, technical, cost, and schedule related risks associated with all aspects of the CEV Project in accordance with the Constellation Systems Risk Management Plan (Document 0000028256).

b)
The Contractor shall implement a risk management process for the CEV Project that is consistent with the Constellation Systems Risk Management Plan (Document 0000028256). Risk management provides for a proactive decision-making process to continuously assess CEV Project risks, prioritize risks, and implement strategies to mitigate and control those risks.

c)
The Contractor shall provide substantiating data for each safety, technical, cost, and schedule risk identified and mitigated in accordance with DRD CEV-M-006, Risk Management Plan and Risk Management Reports.

d)
The Contractor shall provide substantiation for each identified risk in the form of historical information, and analysis performed with integration with the Probabilistic Risk Assessment (PRA) analysis, as appropriate.

e)
The Contractor shall communicate and elevate multi-element and external interface risks to the CEV Project office and Constellation program office for the purpose of multi-element risk integration.

f)
The Contractor shall perform integrated risk analysis, mitigation, and tracking/control, communication of external interface and multi-element risks in support of the Constellation level risk management process.

g)
The Contractor shall manage risks in a risk management tool. The Contractor shall integrate their risk management tool to the ESMD Integrated Collaborative Environment (ICE) in accordance with one of the three options provided in Appendix 2. The Contractor shall keep their most current data integrated with ESMD ICE.

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-M-006: Risk Management Plan and Risk Management Reports 

1.1.6
Integrated Master Plan (IMP)

a)
The contractor shall develop and maintain an Integrated Master Plan (IMP). The IMP shall be delivered as Attachment J-10. All changes to the IMP shall be via bilateral modification. 

b)
The Contractor shall manage the execution of the CEV using the IMP. The Contractor shall report on contract progress in accordance with the IMP at each Program Management Review. 

1.1.7
Integrated Master Schedule (IMS)

The CEV Project schedule will include tasks necessary to accomplish the total scope of work as defined in the WBS. The schedule will contain the contract IMP events, milestones, accomplishments, criteria, and activities. This schedule will be used to provide management insight into Contractor status, potential problem areas, risk and critical path identification, which will serve as the basis for evaluating the Contractor's performance.

a)
The Contractor shall develop and maintain an integrated schedule developed by logically networking these detailed program activities of the IMP. The Contractor shall use this schedule for day-to-day management of the contract tasks.

b)
The Contractor shall assess the schedule and provide best/worst case analysis and most likely duration for each IMS task.

c)
The Contractor shall create and maintain a schedule that supports automated time phasing of tasks, a logic driven risk path, critical path identification, schedule assessment, and trend analysis capabilities.

d)
The Contractor shall maintain and update the IMS to reflect Government-approved changes in the IMP.

e)
The Contractor shall integrate subcontractor and vendor schedule data into the IMS.

f)
The Contractor shall utilize the IMS as the source for schedule data delivered to the Government.

g)
The Contractor shall perform appropriate analyses of the IMS tasks, report potential or existing problem areas, and recommend corrective actions to eliminate or reduce schedule impact.

h)
The Contractor shall develop, deliver and implement the IMS in accordance with DRD CEV-M-002, Integrated Master Schedule.

i)
The Contractor shall identify technologies for insertion into the CEV development in accordance with Section 2.1.3, Technology Insertion Planning, and identify the opportunities in the IMS for the insertion of these technologies.

j)
The Contractor shall notify CEV Project Management for approval of any changes to the IMS baselined activity that slip or accelerate IMP approved milestone events by more than seven (7) days.

k)
The IMS shall integrate all risk mitigation activities.

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-M-002: Integrated Master Schedule (IMS) 

1.1.8
Integrated Product and Systems Engineering and Integration Teams

a)
The Contractor shall establish, implement and document a concurrent engineering program through the use of Integrated Product Teams (IPTs) and System Engineering & Integration Teams (SEITs). Each IPT and SEIT is assigned full responsibility, authority, and accountability for assigned products and WBS elements.

b)
The Contractor shall staff the IPTs and SEITs with persons possessing the appropriate disciplines, specialties and functions. The IPTs shall include subcontractor/team member representation. As a minimum, the IPTs shall include representatives from the crosscutting disciplines of SE&I, S&MA, Operations and engineering. Each IPT and SEIT will have a NASA representative.

c)
The contractor shall use SEITs to perform the overall integration of the efforts of the individual product IPTs, to ensure communication among the teams and effective application of systems engineering principles to the development of the program's product.

d)
IPTs and SEITs shall be led by the Contractor. The NASA representatives' participation will provide insight into the Contractor's activities and is not intended to relieve the Contractor of the responsibility to implement the contract requirements.

e)
In addition to the internal IPTs and SEITs established by the Contractor to implement contract requirements, the Contractor shall provide representatives and respond to teams and working groups established external to the CEV Project, and led by NASA and other Constellation Contractor teams. 

1.1.9
Internal/External Program Review Support

a)
The Contractor shall develop briefing materials and analyses for CEV meetings with various internal and external review groups. Examples of these types of groups include the Aerospace Safety Advisory Panel (ASAP), Inspector General/General Accounting Office (IG/GAO), Space Flight Advisory Committee (SFAC), and cost assessments teams.

b)
The Contractor shall prepare and present various topics, such as CEV Project technical, cost, and schedule status, specific safety or risk issues, design and development issues, and responses to external inquiries. 

1.2
Business Management


1.2.1
Financial Management

Financial Management provides summary level cost reporting by fund source, contract WBS, elements of cost and workforce including labor equivalent personnel (EP), overhead, and other direct and indirect costs.

a)
The Contractor shall develop, deliver and implement financial management reporting in accordance with DRD CEV-B-001, Financial Management Report (533).

b)
The Contractor shall provide data, when required or requested by NASA, to be used in the Government's budget planning process (e.g., Program Operating Plan (POP) budget calls). This data will be used for the purposes of gathering budget impacts. NASA will, in accordance with the budget or special request guidelines and reporting requirements, specify the format and content of the Contractor's inputs and rationale. 

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-B-001: Financial Management Report (533) 

1.2.2
Workforce Reporting

Workforce Reporting provides workforce information by geographic location.

a)
The Contractor shall develop, deliver and implement workforce data in accordance with DRD CEV-B-002, Workforce Reporting.

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-B-002: Workforce Reporting 

1.2.3
Cost Performance Reporting

The Cost Performance Report (CPR) will be used to provide information for: (1) integrating cost and schedule performance data with technical performance measures, (2) assessing the magnitude and impact of actual and potential problem areas causing significant cost and schedule variances, and (3) providing valid, timely status information to the CEV Project.

a)
The Contractor shall establish, maintain, and use in the performance of this contract, an integrated management system meeting the intent of the Industry Guidelines for Earned Value Management Systems (EVMS) ANSI/EIA-748-98 as determined by the contracting officer.

b)
The Contractor shall develop, deliver and implement Cost Performance Report data in accordance with DRD CEV-B-003, Cost Performance Report.

c)
The Contractor shall provide a description of the methodology and framework used to establish the reporting requirements for determination of Earned Value Management processes in accordance with DRD CEV-B-004, EVM System Description (Criteria).

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-B-003: Cost Performance Report

· DRD CEV-B-004: EVM System Description (Criteria) 

1.2.4
Integrated Baseline Review (IBR)

The Integrated Baseline Review (IBR) will be used to achieve an understanding of the baseline plan, cost and schedule risk, and the underlying management processes used for planning and controlling the project.

a)
The Contractor shall perform an Integrated Baseline Review (IBR) with the Government to baseline the work plan within ninety (90) days after contract award. Subsequent updates may be required by NASA to update the performance measurement baseline. Accomplishment criteria for the IBR are the following:

· Program organization fully established and members identified, including IPTs and SEITs

· IPT and SEIT charters approved

· Organizational staffing plans in place

· IMS reviewed

· Risk Management program reviewed

· Earned Value Management reviewed

b)
The Contractor shall ensure the technical contents of work packages and control accounts are consistent with the scope of work defined in the Contractor WBS and the SOW.

c)
The Contractor shall ensure a logical, integrated/interdependent sequence (or network of tasks) supporting the contract schedule.

d)
The Contractor shall assure the Government that earned value methods meeting requirements of the contract are in place to status all areas of the contract.

e)
The Contractor shall assure the Government that earned value reporting requirements will flow down to subcontracts as well as any reimbursable agreements with other government agencies.

f)
The Contractor shall complete and provide a self-assessment of the cost and schedule risk at the IBR.

g)
The Contractor shall assure the Government that an integrated management information system is in place which contains both earned value and technical performance. 

1.2.5
Reserved


1.2.6
Cost Analysis Data Requirements (CADRe)

The Cost Analysis Data Requirements (CADRe) serves to define the programmatic, technical, risk and risk-adjusted life cycle cost information project in a single, internally consistent document that evolves throughout the project life cycle.

a)
The Contractor shall provide cost analysis information that complies with the requirements of DRD CEV-B-005, CEV Cost Analysis Data Requirements (CADRe)

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-B-005: CEV Cost Analysis Data Requirements (CADRe) 

1.2.7
Export Controls

The Contractor is responsible for compliance with all the International Traffic in Arms Regulation (ITAR) and Export Administration Regulation (EAR). Violations of these export laws are subject to severe criminal and civil penalties consistent with NFS 1852.225-70, Export Licenses.

a)
The Contractor shall plan and apply Export Control licenses not included in the NASA licenses. 

1.3
Contractor Relationships


1.3.1
Associate Contracts

The Contractor shall establish relationships with other Constellation contractors, defined as associate contractor relationships. Associate relationships are required for expeditious exchange of data among Constellation contractors.

a)
To achieve efficient and effective implementation of the Constellation Program, the Contractor shall establish the means for the coordination and exchange of information with associate contractors.

b)
The Contractor shall exchange information required by the Associate Contractors in the execution of their respective contract.

c)
The Contractor shall engage in cooperative relationships that facilitate effective management of the development of the overall Constellation effort.

d)
The Contractor shall establish formal guidelines to address coordination, cooperation and communication with associate contractors, including intracompany relationships.

e)
The Contractor shall provide NASA with a copy of each signed Associate Contractor Agreement. 

1.3.2
Systems Engineering and Integration Contract

NASA will enter into a separate contract for services to support the Constellation program office by performing the Systems Engineering and Integration (SE&I), in accordance with the clause in Section H of the contract.

a)
The contractor shall comply with the provisions of Section H.5. 

1.3.3
NASA Operations Integration Contract

NASA intends to enter into a separate contract for services to support the Constellation Program Office perform the operations integration functions. This function will be referred to as the NASA Operations Integrator (NOI) and will be responsible for providing overall Constellation Program operations planning, coordination, integration and execution. This function will initially be performed by the Government. It is anticipated the NOI contractor will be selected prior to the end of Phase 1. 

a)
To achieve efficient and effective implementation of the Constellation Program, the Contractor shall establish the means for the coordination and exchange of information with the NOI contractor in the execution of their contract.

b)
The Contractor shall establish formal guidelines to address coordination, cooperation and communication with the NOI contractor, including intracompany relationships and provide NASA with a copy of the signed Associate Contractor Agreement. 

1.4
Technical Reviews

a)
The Contractor shall implement requirements defined in this SOW and the Data Procurement Document (DPD) for reviews to be held in Phase I. At all reviews, the Contractor shall develop and present data and respond to Review Item Discrepancies (RIDs) generated by NASA authorized reviewers. After approval by the CEV Contracting Officer's Technical Representative (COTR), the Contractor shall implement the actions resulting from RIDs.

b)
At sixty (60) days prior to each review, the Contractor shall present to NASA rationale confirming that there is a reasonable expectation that all review objectives will be met, documentation required by individual data requirements is on schedule and required information will be available at the beginning of the review. 

1.4.1
System Requirements Review (SRR)

a)
The CEV Contractor shall participate in a System Requirements Review (SRR). The SRR will be held in two phases.

The first phase will include data developed by NASA Constellation SE&I as well as data developed and presented by the CEV Contractor. The first phase of the SRR will present the allocation of System of Systems requirements between the CEV and other Constellation systems; establish external interfaces between the CEV and other Constellation flight and ground systems; and provide initial Concept of Operations regarding the ground and flight operations. The first phase of the SRR will be a NASA led review with participation by the CEV contractor.

The second phase will be held within 45 days of the first phase. Since the NASA requirements baseline will not complete in time for the Contractor’s deliverables to be developed, the Contractor shall use the SOO (J-1) as a technical baseline until phase 1 of the SRR. The Contractor shall present any disconnects between the NASA requirements baseline and their technical baseline at the second phase of SRR.  The contractor shall submit RID’s to the first phase of the SRR to identify these disconnects.

b)
The objectives of the SRR include:

· Baseline of performance system requirements for the CEV and Launch Vehicle.

· Baseline of all External Interface Requirements Documents (EIRDs) for the Constellation systems external to CEV. (Note: EIRDs are developed by NASA with inputs from the CEV Contractor.)

· Ensuring the Constellation requirements fulfill mission needs.

· Establishment of the initial Constellation integrated system verification and approach.

· Validation by the Contractor that the Systems of Systems requirements allocated to the CEV and the EIRD’s can be met. Validation means that the contractor is able to implement within technical, cost, and schedule guidelines. As part of validation, the contractor shall include identification of any new technology needed to implement requirements.

· Review of Contractor Deliverables.

· Identification of any disconnects between the contractor technical baseline and the NASA SRR baseline. 

1.4.2
System Definition Review (SDR)

a)
The Contractor shall conduct a SDR that demonstrates that the requirements of IEEE STD 1220-1998 are being iteratively fulfilled toward achieving a design balanced with respect to performance, cost, schedule, and risk at the end of Phase 2 and the results are documented in accordance with all configuration management and control requirements of this SOW.

b)
The objectives of the SDR include demonstration by the Contractor that:

· The requirements (functional) baseline is consistent with the results of the SRR (as subsequently updated by NASA if necessary) and includes derived functional and performance requirements to complete all life cycle functional processes (see 3.1.26 of IEEE Std 1220-1998) with dates assigned for resolution of any TBDs, TBRs, and TBSs,

· The preliminary functional architecture and system design (allocated and product baselines) reflect the requirements baseline and are balanced with respect to performance, cost, schedule, and risk,

· The preliminary system architecture, physical hierarchy or system breakdown structure, specification tree, and CWBS are consistent,

· The evolving design can satisfy the requirements baseline including EIRDs,

· The Concept of Operations, Flight and Ground Operation Plans are at a detail commensurate with the vehicle and ground system designs,

· The life cycle cost for the evolving design is consistent with the program affordability constraints and the assessed schedule is consistent with program plans,

· The risks have been thoroughly analyzed, the corresponding risk mitigation plans are in place and on track, and the remaining risks can be handled by the planned program

· The integrated database (see 3.1.21 and 4.7 of IEEE Std 1220-1998) provides two-way traceability from the source of each requirement in the requirements baseline through the functional architecture and allocated baseline to the design (product baseline) and back and from any element to the rationale for that element (usually in the form of trades) and shows the rationale and approval authority for all changes. 

1.4.3
Preliminary Design Review (PDR)

a)
The Contractor shall conduct a CEV system-level PDR that demonstrates that the requirements of IEEE Std 1220-1998 are being iteratively fulfilled toward achieving a design balanced with respect to performance, cost, schedule, and risk at the end of Phase 2 and the results documented in accordance with all configuration management and control requirements of this SOW.

b)
The Contractor shall conduct subsystem Preliminary Design Reviews (PDRs) prior to the CEV System PDR. The subsystem PDRs shall allocate requirements to the individual subsystems. Subsystem specifications shall be baselined after the CEV system-level PDR.

c)
The objectives of the PDR include demonstration by the Contractor that:

· The requirements (functional) baseline has been maintained and any TBDs, TBRs, or TBSs resolved on schedule,

· The functional architecture has been completed to the point that the functional requirements and associated performance requirements can be allocated to the design (allocated baseline),

· The allocated baseline has been completed for each configuration item including the verification requirements and the interface requirements between the items and between the items and other systems, facilities, and the system personnel,

· The preliminary design of each configuration item has been completed and performance, cost, schedule, and risk for each item and the system as a whole is balanced,

· The system architecture, physical hierarchy or system breakdown structure, specification tree, and CWBS are consistent,

· The design (product baseline) can meet the requirements baseline with adequate margins for weight, power draw, thermal loads, and avionics throughput for the maturity of each configuration item,

· Each configuration item can be verified to meet all requirements and the verification program for Phase 2 is planned,

· The life cycle cost for the design is consistent with the program affordability constraints and the assessed schedule is consistent with program plans,

· The remaining risks have been thoroughly analyzed

·  A description of the results of FAST and the extent to which risk was retired as a result of the FAST effort.

· The integrated database (see 3.1.21 and 4.7 of IEEE Std 1220-1998) provides two-way traceability from the source of each requirement in the requirements baseline through the functional architecture and allocated baseline to the design and back and from any element in the database to the rationale for that element (usually in the form for trades) and shows the rationale and approval authority for all changes. 

1.4.4
Integration Reviews

a)
The Contractor shall support the planning and execution of integrated System-of-System reviews conducted by the Government. The Contractor shall support integrated analysis and assessment efforts in support of the integration reviews to identify and resolve integration issues with other constellation elements as required by the Constellation Systems Engineering Management White Paper (Revision 1 -- February 14, 2005).  

1.5
Information Technology Management

Requirements for the Program Information Technology Systems include capital planning, investment control and security. Information Technology security is defined as the protection of IT investments (e.g., information systems and telecommunications systems) and their associated information and data from unauthorized access, use, disclosure, disruption, modification, or destruction to ensure the integrity, confidentiality, and availability of NASA IT systems.

a)
The Contractor shall implement an IT Capital Planning and Investment Control (CPIC) process and provide information to support NASA’s compliance with OMB Circular A-11, Preparation, Submission and Execution of the Budget, Exhibit 53, Information Technology and E-government, and Exhibit 300, Planning, Budgeting, Acquisition, and Management of Capital Assets, for IT systems used in support of CEV activities.

b)
For IT applications, other than mission specific software, the Contractor shall:

· Make the greatest use of Commercial-Off-The-Shelf (COTS) and Government-Off-The-Shelf (GOTS) products.

· Ensure compatibility with existing NASA applications and systems.

· Develop software in accordance with relevant standards and policies from NASA’s Software Safety and Assurance Program in accordance with NASA-STD 8719.13B, Software Safety; NPD 8730.4, Software Independent Verification and Validation Policy, as amended; and IEEE/EIA 12207 0-1996, Industry Implementation of International Standard ISO/IE 12207:1995, Standard for Information Technology Software Life Cycle Processes.

c)
The Contractor shall comply with the requirements of Section 508 of the Rehabilitation Act of 1973, as amended. The scope of Section 508 is broad and includes not only computers and software, but also telephones, public and private web sites, documentation, and most other forms of electronic and information technology.

d)
The Contractor shall adhere to the Access Board Standards in 36 CFR Part 1194, Electronic and Information Technology Accessibility Standards, for all CEV IT activities.

e)
For those systems where information is processed in support of the CEV activities, the Contractor shall provide IT security policies and processes consistent with NPR 2810.1, Security of Information Technology, as amended, and those interim policy updates (NASA Information Technology Requirements) included in the NASA Online Directives Information System (NODIS).

f)
The Contractor shall meet the key objectives and strategies identified in the NASA Enterprise Architecture.

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-M-007: Information Technology (IT) Security Plans and Reports 

1.6
Education and Public Outreach

a)
The Contractor shall provide Education and Public Outreach support to NASA to disseminate information regarding the CEV and the Exploration Initiative. After contract award, the Contractor shall work with NASA to develop specific mechanisms for incorporating undergraduate, graduate, and post-doctoral student participation within the CEV research, design, and development activities. Examples of possible implementation strategies are collaboration with university level research (including faculty training and curriculum development); or through internships or cooperative programs between industry and universities. 

1.7
Special Studies

a)
The Contractor shall perform special studies and analyses as defined by Contract Clause H.12, Special Studies. 

2
Systems Engineering and Integration

Systems Engineering and Integration consists of the technical and management efforts of directing and controlling the integrated engineering effort for the System to achieve a solution that satisfies all CEV Project requirements and otherwise balances performance, cost, schedule, and risk. SE&I includes the development of upgrade paths across the currently planned and future spirals and integration of the CEV System into the Constellation System of Systems. Subsystem integration within the Spacecraft and Ground and Training Systems is covered in Sections 4, Spacecraft, and 6, Ground and Training Systems.

2.1
Crosscutting Systems Engineering and Integration Development Activities

Crosscutting Systems Engineering and Integration Development Activities consist of the efforts to provide consistency across all aspects of the CEV System development efforts. All requirements contained here are applicable to the development efforts described in Sections 2.2, 4, and 6.

2.1.1
Systems Engineering Management

Systems Engineering Management consists of the efforts to lead the CEV System's overall system architecture definition and engineering functions including the interfaces with external Constellation Systems.

a)
The Contractor shall integrate and manage the total engineering and operations disciplines required to perform the technical tasks defined in this SOW. Total engineering includes subcontractors, Space Act Agreements, and negotiations to develop External Interface Requirements Documents (EIRDs) with other Constellation Systems and other external interfaces as defined by the Contractor.

b)
The Contractor shall implement a systems engineering management process, plan, and organizational structure in accordance with IEEE STD 1220-1998, IEEE Standard for Application and Management of the Systems Engineering Process, throughout the CEV System life cycle.

c)
The Contractor shall document the system engineering process by developing and updating a CEV System Engineering Management Plan (SEMP) consistent with the Constellation Systems Engineering Management White Paper (Revision 1 – February 14, 2005).

d)
The Contractor shall establish a Systems Engineering and Integration Team (SEIT), formed in accordance with the enabling requirements in section 1.1.8, Integrated Product and System Engineering and Integration Teams, to manage the overall SE&I activities throughout the life cycle of the CEV System. The SEIT shall have the following stakeholders:

· NASA

· Required engineering disciplines (including both hardware and software representation)

· Manufacturing/production representation

· Required subcontractor representation

· Flight operations representation

· Ground operations representation

· Safety and Mission Assurance (S&MA) representation

· Logistics

e)
The Contractor shall directly participate in the Government CEV Project systems engineering, technical, and management meetings and reviews (e.g., Technical Interchange Meetings, Integration Meetings, Review Boards, Change Control Boards). The Contractor shall be responsible for and lead contractor systems engineering, technical, and management meetings and reviews.

f)
The Contractor shall provide representation empowered to accept action items or commit to agreements and timely responses to Constellation integrated (Government or Contractor-led) program systems engineering, technical, and management meetings and reviews (e.g., Technical Interchange Meetings, Integration Meetings, Review Boards, Change Control Boards).

g)
The Contractor shall name all CEV hardware and software consistently according to a standardized naming convention. The Contractor shall develop and implement a plan, including a naming convention, for CEV nomenclature spanning all operations and engineering applications. The plan shall be consistent with the Constellation Nomenclature Plan (TBD) and shall ensure CEV System nomenclature is consistent with other Constellation Systems.

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-001: CEV Nomenclature Plan

· DRD CEV-T-002: CEV Systems Engineering Management Plan 

2.1.2
Simulation Based Acquisition

Simulation Based Acquisition (SBA) is a process in which NASA and Industry are enabled by robust, collaborative use of modeling and simulation technology that is integrated across acquisition phases and systems. The goals of SBA are to (1) substantially reduce the time, resources, and risk associated with the entire acquisition process, (2) increase the quality, operability, affordability, supportability, and sustainability of a system while reducing total ownership costs throughout the total life cycle, and (3) enable Integrated Product and Process Development (IPPD) across the entire acquisition life cycle. This element is the work required to support the development of a simulation based acquisition (SBA) capability to support the development of the CEV System and its integration with the Constellation System of Systems.

a)
The Contractor shall develop, implement and update a Simulation Based Acquisition Plan describing the Contractor’s use of SBA in the development of the CEV System including strategy, plans, methodologies, and processes to be used.

b)
The Contractor shall support the Government's development of a simulation based acquisition capability by directly participating in the development, assessment, and finalization of the SBA capability requirements via an SBA working group to be established by the Government.

c)
The Contractor shall participate in Government-led progress and development reviews of the SBA capability.

d)
The Contractor shall develop and implement modeling and simulation capabilities compatible with SBA capability sponsored by the Government.

e)
The Contractor shall participate in the development (structure and format) of the NASA Exploration Information Ontology Model (NExIOM) (a data model describing the Constellation System of Systems and the interfaces among those Constellation Systems) via the NExIOM Working Group to be established by the Government.

f)
The Contractor shall develop, and make accessible to the Government, a representation of its CEV System concept in a NExIOM-compliant data model.

g)
The Contractor shall participate in the ongoing development of the Constellation verification, validation and accreditation (VV&A) modeling and simulation policy and implementation plan.

h)
The Contractor shall perform VV&A of its modeling and simulation capabilities consistent with the collaboratively developed Constellation VV&A policy.

i)
The Contractor shall collaborate with the Government to develop a system model using an Architectural Modeling Tool (AMT) in order to achieve mutual understanding of the system under development.

j)
The Contractor shall include in its participation in the required reviews developing and demonstrating live simulations of performance of the system under development using an Architectural Modeling Tool (AMT). The AMT shall support a description and dynamic analysis of functional behavior of the CEV System. The specific tool used may be chosen by the Contractor, but shall include the following systems engineering elements:

· System Description, including the system to be delivered and any external systems

· Requirements in a hierarchical format, including constraints and performance measures compared to threshold and objective values

· Mission Time Line or scenarios, illustrating function sequences. These may be represented in any accepted diagram format, including functional flow block diagrams (FFBD), Extended FFBD (EFFBD), Integrated Definition for Function Modeling (IDEF0), Unified Modeling Language (UML) activity diagrams and/or sequence charts

· Functional models grouping functions "allocated to" components

· Components (hierarchical form) and interfaces connecting components

The AMT used shall, as a minimum, support IDEF0, N2 and Functional Flow Block Diagrams from an internal database and Operational, Systems and Technical Views as defined in DoD Architecture Framework Working Group DoD Architecture Framework, Version 1.0, Volume I: Definitions and Guidelines, and Volume II: Product Descriptions: 9 February 2004.

When executed with the Contractor's data, the AMT shall be capable of producing self-contained time-based simulations of the behavior of the System at a level of detail appropriate to the time of the review. All above views, diagrams and simulations shall be completed and consistent with each other. All data necessary for production of the above diagrams, views and simulation shall be delivered with the response as described in the DRDs.

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-003: Simulation Based Acquisition Plan

· DRD CEV-T-004: NExIOM Instance Delivery 

2.1.3
Technology Insertion Planning 

Technology Insertion Planning includes work to incorporate new technologies into the CEV System as they become available. Technologies to be inserted should enable a sustainable and affordable CEV System as well as enhance functionality and accommodate replacement technology for components that have become obsolete.

a)
The Contractor shall use existing technology and designs meeting the requirements of the CEV System wherever cost/risk effective.

b)
The Contractor shall review the Exploration Systems Mission Directorate technology development programs and identify relevant and appropriate technology for insertion into the CEV.

c)
The Contractor shall identify any technology with a technology readiness level of less than six (6) that the Contractor plans to incorporate into the design of the CEV System, provide the traceability to the requirements driving these technology needs, and include an appropriate risk mitigation plan. The new technology must be identified no later than PDR.

d)
The Contractor shall use industry recognized open architecture designs to take advantage of existing technologies and technology improvements occurring during the lifetime of the CEV System to reduce life cycle costs.

e)
The Contractor shall assist the Government in the identification of new technologies to improve and facilitate advanced space exploration by providing assessments of technologies and setting requirements for advanced development projects and demonstrations.

f)
The Contractor shall develop, update and implement a Technology Management and Insertion Plan describing the Contractor's approach and methods to identify key technologies from within NASA’s technology development portfolio and elsewhere to be used to upgrade the CEV System capability. The approach and methods must enable spiral development, long term sustaining engineering needs, and mitigate the associated risks. The approach shall include activities and criteria for assessing and transitioning critical technologies from internal technology development and demonstration projects or from suppliers.

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-005: Technology Management and Insertion Plan and Reports 

2.1.4
Software Engineering

Software Engineering is the engineering discipline concerned with all aspects of software production from the early stages of system specification through maintenance of the system in the field. Software Engineering includes the work required to define an overall CEV System approach to the design, development, test and certification of software in support of the CEV System. CEV software includes all flight software and onboard firmware, ground software, training software, and test software.

a)
The Contractor shall define and perform the preliminary design for all CEV System and subsystem, flight, ground, training, and accompanying test software.

b)
The Contractor shall describe the plan to define, design, code, test, qualify, integrate, verify, validate, deliver, and maintain all CEV System and subsystem flight, ground, training, and accompanying test software. The plan shall also include a description of a software development organization and its interaction and integration with other CEV and Constellation Program organizations. The plan shall be documented under DRD CEV-T-006, Software Development Plan.

c)
The Contractor shall plan the software development effort to qualify the reuse of existing software, modify existing software, and develop new software and provide supporting rationale or justification for its final selections.

d)
The Contractor shall define the processes, systems, facilities, tools, methods, interaction and coordination of tasks and activities to be used throughout the CEV Project life cycle. These activities include definition, design, coding, testing, qualification, integration, verification, validation, delivery, and maintenance.

e)
The Contractor shall develop, operate, and maintain CEV software in accordance with NASA-STD-8719.13B Software Safety Standard, IEEE/EIA 12207 0-1996 Industry Implementation of International Standard ISO/IEC 12207: 1995, Standard for Information Technology - Software life cycle processes, and NPR 7150.2 NASA Software Engineering Requirements.

f)
The Contractor, under CEV Project direction, shall coordinate with the NASA IV&V Facility to define the appropriate level of software IV&V and roles and responsibilities in accordance with NPD 8730.4 Software Independent Verification & Validation (IV&V) Policy, plan for the participation of the NASA IV&V Facility in the software IV&V activity and interact with the NASA IV&V Facility in the accomplishment of its IV&V responsibilities.

g)
The Contractor and subcontractors' organizations associated with CEV software development responsibilities shall be at Software Engineering Institute Software Capability Maturity Model (CMM) Level III or higher and show plans on how they will reach Capability Maturity Model Integration (CMMI) - SE/SW/IPPD Maturity Level III (Staged Representation) or higher before the CEV Preliminary Design Review. 

Note: This requirement does not apply to vendors producing commercial-off-the-shelf software for the CEV Project.

h)
The Contractor shall plan to maintain all software under configuration management in accordance with the Software Configuration Management Plan.

i)
The Contractor shall develop, maintain, and document in the Architecture Design Document, the overall Systems Management software architecture as an integrated component within a System of Systems (spacecraft, launch vehicle, and ground and training systems) to establish compatibility and interoperability among the various systems and allow adequate time to prove the reliability of the design.

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-006: Software Development Plan

· DRD CEV-T-007: Software Configuration Management Plan 

2.1.5
System Analysis, Trade Studies, and Control 

System Analysis, Trade Studies, and Control includes the work to identify and conduct trade studies and cost-effectiveness analyses including reliability, maintainability and supportability, across the CEV System to ensure that a complete set of options and alternatives is assessed for driving CEV System requirements and design decisions.

a)
The Contractor shall identify and conduct trade studies and cost-effectiveness analyses to ensure all realistic options and alternatives are assessed for key CEV System requirements and design decisions. The Contractor shall objectively compare each option or alternative and select the option satisfying all requirements and otherwise balancing performance, cost, schedule, and risk. The assessment of risk shall be in accordance with Section 1.1.5, Risk Management. The assessment of cost shall address all elements of life cycle cost significantly affected by the matters being traded. 

b)
The Contractor shall perform trade studies and analyses with consideration for all phases of the system and subsystem life cycles and all life cycle functions with emphasis on crew safety.

c)
The Contractor shall provide the analysis to validate the requirements.

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-008: Trade Studies Report 

2.1.6
Integrated Logistics Support Planning

Integrated Logistics Support Planning describes the work required to develop the concepts, requirements and plans for maintenance and logistics for CEV Project supportability. This includes life cycle plans for design-in-supportability, hardware processing, and definition of logistics support resources.

a)
The Contractor shall develop, implement and update an Integrated Logistics Support Plan (ILSP) consistent with the Constellation Systems Supportability Strategy (Document 0000028493) that describes the strategy, plans, methodologies, and processes for the ILS System, ground and training systems, and spacecraft designed to meet the CEV System support requirements, while minimizing life cycle cost. The ILSP shall also establish maintainability criteria for equipment accessibility, inspection techniques, maintenance down-time, test points, etc.

b)
The Contractor shall perform a Logistics Support Analysis (LSA) in accordance with the ILSP.

c)
The Contractor shall evaluate the logistics implications of the results of the ongoing reliability, maintainability, availability, supportability and cost assessments, and apply this evaluation in the design of the System.

d)
The Contractor shall perform analysis of the capability of the CEV System to meet availability and costs requirements.

e)
The Contractor shall evaluate the CEV System supportability characteristics, providing data necessary for other systems analysis, such as cost, and for verification of operational availability requirements during CEV System design.

f)
The Contractor shall develop and update a launch site CEV propellants, fluids, and gases forecast for the CEV Project life cycle.

g)
The Contractor shall develop, update and implement a Logistics Management System (LMS) plan for the tracking and management of equipment, spares, repair parts, supplies, material and shipping containers, and identify excess or obsolete assets and initiate disposal. The LMS applies to both ground-based and space stored assets.

h)
The Contractor shall integrate and coordinate with Constellation LMS (TBD) effort to ensure compatibility between the CEV LMS and other Constellation Systems' LMSs.

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-009: Integrated Logistics Support Plan

· DRD CEV-T-010: Logistics Support Analysis

· DRD CEV-T-011: Logistics Management System (LMS) Plan

· DRD CEV-T-012: Launch Site CEV Propellants, Fluids, and Gases Forecast 

2.1.7
Systems Test Verification and Certification 

Systems Test Verification and Certification covers the work to certify the CEV System by inspection, demonstration, simulation, analysis and/or test. The Contractor shall develop a plan for the verification and certification of the CEV System (hardware, firmware, and software) and associated subsystems and components satisfying the requirements of the Constellation Master Validation, Integration and Verification Plan (Document 0000028530) with the following characteristics:

a)
The verification method for each CEV System level requirement and each allocated requirement shall be clearly documented in a verification matrix in the corresponding specification or requirements document and interface document or requirement.

b)
Qualification of the CEV System and its hardware and software elements shall be accomplished through rigorous testing to confirm that the System can deliver the planned performance over its expected service life when exposed to levels of stress with margin above that defined in the predicted nonoperating and operating environments and conditions. Qualification by other than test must be approved by the Government. The planned testing shall be consistent with the Constellation Environmental Qualification and Acceptance Testing Requirements (TBD).

c)
Acceptance testing of each flight hardware item delivered shall include functional testing of each hardware operating mode at the most stressing operating conditions, environmental testing at the maximum predicted nonoperating and operating environments and final functional testing. The planned testing shall be consistent with the Constellation Environmental Qualification and Acceptance Testing Requirements (TBD).

d)
Integration/check-out testing shall be planned and conducted to assure the assembly has been completed successfully and that hardware functional performance meets requirements.

e)
Test-qualified software shall be used during verification testing of all subsystems and components.

f)
Software-controlled interfaces shall be verified using qualified software.

g)
Systems tests of the total spacecraft shall be conducted with the test-qualified flight hardware and software.

h)
Systems test of the ground-based CEV software/hardware systems shall be conducted with test-qualified hardware and software.

i)
The program shall include the following types of testing: (1) Ground Tests, (2) Flight Tests, (3) Development Tests, (4) Item Tests, (5) Functional Tests, (6) Integration Tests, (7) Hardware-In-the-Loop (HWIL) Tests, (8) Software-In-the-Loop (SIL) Tests, (9) Human-in-the-Loop Tests (10) Nonoperating Environment Tests, (11) Operating Conditions & Environment Tests, (12) Acceptance Tests, and (13) Qualification Tests. All shall be documented in the CEV Master Verification Plan. 

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-013: Master Verification Plan (MVP) 

2.1.8
Human Engineering 

Human Engineering requires the planning and designing of the System for use by humans during operations and maintenance.

a)
The Contractor shall ensure that the CEV System complies with the requirements in NASA-STD-3000, Vol. VIII, Human Systems Integration Standards (HSIS), CEV Launch Segment (CEV and CEVLV). The Contractor shall use MIL-HDBK-46855A DoD Handbook: Human Engineering Program Process and Procedures as a reference guide.

b)
The Contractor shall document and implement a human engineering process to be used throughout the CEV design/development life cycle in a Human Engineering Management Plan to ensure crew safety, and enhance performance, efficiency, productivity, and cost effectiveness throughout its expected life cycle for onboard crew, ground operators, and maintainers.

c)
The contractor shall use the following applicable standards for development of human-system interfaces:

NASA-STD-3000, Vol. VIII, Human Systems Integration Standards (HSIS), CEV Launch Segment (CEV and CEVLV)

JSC 26882, Space Flight Health Requirements Document (Note: Where JSC 26882 and NASA-STD-3000, Vol. VIII conflict, NASA-STD-3000, Vol. VIII takes precedence.)

TBD-011,Constellation Onboard Displays and Crew Interface Standards

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-014: Human Engineering Management Plan

Reference Documents

The Contractor may use the following document(s) as reference:

· MIL-HDBK-46855A: Department of Defense Handbook, Human Engineering Program Process and Procedures

· NPR 8705.2A: Human-Rating Requirements for Space Systems

2.1.9
Specialty Engineering 

Specialty Engineering applies the crosscutting specialty engineering disciplines of materials and processes, electromagnetic compatibility, EEE parts, environments, to the CEV System.

a)
The Contractor shall apply specialty engineering throughout the life cycle of the CEV System.

b)
The Contractor's approach to incorporating the engineering specialties into the systems engineering process and the technical effort required shall be documented in the CEV Systems Engineering Management Plan. 

2.1.9.1
Materials and Processes

a)
The Contractor shall ensure materials are selected, controlled, implemented and verified to be consistent with their intended usage environments.

b)
The Contractor shall select, treat, fabricate, inspect, test, and analyze materials of construction to ensure the safety and success of the CEV.

c)
The Contractor shall develop a Materials and Processes (M&P) Selection, Implementation, and Control Plan that tailors the requirements of JSC-49774A, Standard Manned Spacecraft Requirements for Materials and Processes, and provides justification or rationale for any requirements altered. The Contractor shall indicate the degree of conformance and the method of implementation for each requirement identified in JSC-49774A in the Materials and Processes (M&P) Selection, Implementation, and Control Plan.

d)
The Contractor shall develop, update, and implement an Electronic Manufacturing Plan. The Electronic Manufacturing Plan shall define the objectives, procedures, logic, and management controls for processes selection, implementation, verification, and control. The Electronic Manufacturing Plan shall include the methodology for qualification of the assembly processes, document how the applicable documents will be implemented and provide rationale for any deviations from the applicable documents.

e)
The Contractor shall implement a corona control program in accordance with MSFC-STD-531, High Voltage Design Criteria.

f)
The contractor shall use the following applicable standards for Materials and Processes:

ANSI-ESD-S.20-20
Protection of Electronic Parts, Assemblies and Equipment (Excluding Electrically Initiated Explosive Devices)

MIL-HDBK-6870A
Inspection Program Requirements for Aircraft and Missile Materials and Parts

MSFC-STD-1249
Standard Non-Destructive Evaluation (NDE) guidelines and requirements for fracture control programs

NASA-STD-5007
General Fracture Control Requirements for Manned Space Flight Systems

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-015: Materials Usage Agreements (MUA)

· DRD CEV-T-016: Electronic Manufacturing Plan

· DRD CEV-T-017: Contamination Control Plan (CCP)

· DRD CEV-T-018: Materials Identification and Usage List (MIUL)

· DRD CEV-T-019: Nondestructive Evaluation Plan

· DRD CEV-T-020: Materials and Processes Selection, Implementation, and Control Plan 

2.1.9.2
Electromagnetic Compatibility

a)
The Contractor shall design, develop, verify and deliver a CEV System that is electromagnetically compatible with the CEV System internally generated electromagnetic energy, the intended external electromagnetic energy environments of the CEV, and the other elements of the Constellation System of Systems. CEV Spacecraft volumes which are intended to be used for humans, active or passive equipment, and active or passive organic/inorganic substances shall be compatible with electromagnetic effects caused by the CEV System. The CEV System shall be compatible with the intended use of these CEV Spacecraft volumes.

b)
The Contractor shall incorporate electromagnetic compatibility, lightning protection, and electrostatic discharge protection, into every aspect of the CEV System throughout its life cycle including: assembly, storage, handling, packaging, transportation, checkout, integration with other Constellation elements, launch, normal inflight operation, emergency and planned contingency operations, entry, landing, recovery, processing and the processes associated with each aspect.

c)
The Contractor shall develop and implement a CEV Electromagnetic Compatibility (EMC) Control and Verification Document (DRD CEV-T-022) to define the plans, processes, procedures, and test data that the Contractor will use to ensure the design, construction, and verification of the CEV systems will result in the delivery of a CEV Element that satisfies the contractual Electromagnetic Compatibility requirements. This DRD shall be implemented by the contractor to reduce and control the probability of hardware malfunctioning as a result of electromagnetic energy which is produced by CEV systems, the natural or manmade environments, or the anticipated space environment.

d)
The Contractor shall tailor MIL-STD-461E, “Requirements for the Control of Electromagnetic Interference (EMI) Characteristics of Subsystems and Equipment” to assist in establishing the Contractor’s (documented) requirements to meet the overall EMC requirements for CEV. This tailoring shall be documented in DRD CEV-T-022, CEV Electromagnetic Compatibility Control and Verification Document.

e)
The Contractor shall develop and design the CEV System to control and mitigate hardware malfunction and damage caused by lightning in accordance with JSC 62881, Space Shuttle Flight Vehicle Lightning Protection, Test and Analysis Requirements.

f)
The CEV Contractor shall participate with NASA and the associated Constellation integration contractors in development of RF Spectrum Management in compliance with NPD 2570.5C, NASA RF Spectrum Management, and NTIA Manual of Regulations & Procedures for Federal Radio Frequency Management (May 2003 Edition, May 2004 Revisions), Chapter 10.

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-021: Spectrum Management Documents and Radio Frequency/Optical ICDs

· DRD CEV-T-022: CEV Electromagnetic Compatibility Control and Verification Document

Reference Documents

The Contractor may use the following document(s) as reference:

· ANSI/ESD S20.20-1999: ESD Association Standard for the Development of an Electrostatic Discharge Control Program for Protection of Electrical and Electronic Parts, Assemblies and Equipment (Excluding Electrically Initiated Explosive Devices)

· ESD TR20.20-2000: ESD Association Technical Report for the Development of an Electrostatic Discharge Control Program for Protection of Electrical and Electronic Parts, Assemblies and Equipment Handbook

· ML0303-0014: Electrical Wire Harnesses and Coaxial Cables, Installation Requirements for Electromagnetic Compatibility

· NASA-STD-4003: Electrical Bonding for NASA Launch Vehicles, Spacecraft, and Flight Equipment

· NSTS 08060: Space Shuttle System Pyrotechnic Specification

2.1.9.3
Electrical, Electronic, and Electromechanical (EEE) Parts

a)
The Contractor shall develop, update, and implement an EEE Parts Management and Implementation Plan for the CEV System that accomplishes the tasks defined in SSP 30312, Electrical, Electronic, and Electromechanical and Mechanical Parts Management and Implementation Plan for the Space Station Program.

b)
The Contractor shall establish processes to control all aspects of EEE parts from part selection through testing and hardware fabrication and part failure analysis.

c)
The contractor shall use the following applicable standards for EEE Parts:

JPG 8080.5, E22 
JSC Design and Procedural Standards, Section E22, lonizing Radiation Effects

SSP 30312
Electrical, Electronic and Electromechanical (EEE) Parts Management and Implementation Plan for Space Station Program

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-023: Electrical, Electronic, and Electromechanical Parts Management and Implementation Plan 

2.1.9.4
Environments

a)
The Contractor shall determine the CEV System's natural environment constraints in accordance with the Constellation Systems Natural Environment Definition for Design (TBD). The Contractor shall determine the specific natural environments and induced environments that the CEV System must operate within and for which the CEV System must be qualified, encompassing all phases of CEV System production, testing and operation in all modes through disposal.

b)
The Contractor shall derive and control environment data and analysis models for the design, certification, and operation of the CEV System, subsystems, assemblies, and components. This data shall be documented in the CEV Natural Environment Data Book.

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-024: CEV Natural Environment Data Book 

2.1.10
Crew Survival 

Crew Survival is the existence of capabilities (e.g., abort, escape, emergency egress, safe haven, and rescue) intended to maintain crew life in the presence of imminent catastrophic conditions. This effort requires planning, implementation, and assessment of the crew survivability of the CEV System.

a)
The Contractor shall provide a focused evaluation of crew survivability capability across all mission phases.

b)
The Contractor shall perform studies to understand catastrophic failure scenarios, and to develop corresponding Crew Survival solutions.

c)
The Contractor shall identify and execute analyses and trades of the CEV capabilities for crew survival. 

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-025: Crew Survival Plan and Assessment Reports 

2.2
Systems Requirements Development and Integration 

Systems Requirements Development and Integration consists of the efforts to integrate the CEV System into the Constellation System of Systems and allocate requirements to the Spacecraft and its supporting Ground and Training Systems.

2.2.1
System of Systems Integration

System of Systems Integration provides the liaison interface between the CEV System and all other Constellation Systems. These systems include the CEV launch vehicle, Lunar Surface Access Module, Earth Departure Stage, Ground Support System, In-Space Support System, Destination Surface Systems, and other common/standardized Constellation Systems such as a common docking mechanism, common rendezvous and proximity operations sensors, the common Constellation communications architecture, flight crew equipment including provisions for EVA, and standardized human interfaces and electrical power standards. This work includes integration with the Constellation System Engineering and Integration (Government or contractor), associate contractors, and NASA Operations Integrator to design, develop, and test an integrated CEV System.

a)
The Contractor shall perform all work necessary to successfully integrate the CEV System or Subsystems into the Constellation System of Systems and processes in conjunction with the Constellation SE&I contractor, NASA Operations Integrator, and associate contractors.

b)
The Contractor shall, in association with the Constellation SE&I contractor and associate contractors, identify and define external CEV interfaces, provide representation and respond to NASA in the development of External Interface Requirements Documents (EIRDs). The Contractor shall develop appropriate External Interface Control Documents (EICDs) per DRD CEV-T-039, Interface Control Documents, for each external interface in association with NASA, the Constellation SE&I contractor, and associate contractors.

c)
The Contractor shall provide representation and respond to Constellation SE&I in the allocation of System of Systems level requirements down to CEV System level functional requirements in association with the associate contractors. The resulting validated System Requirements Document (SRD) and EIRDs will be baselined by NASA at SRR. The CEV SRD will include allocated requirements from the NPR 8705.2A, Human Rating Requirements for Space Systems. The Contractor shall validate the NASA requirements baseline as verifiable and implementable within cost and schedule by Constellation SRR. The Contractor shall document any discrepancies found, unless already addressed by NASA, by RID at SRR.

d)
The Contractor shall provide representation and respond to Constellation SE&I in the performance of integrated systems performance analyses and Constellation Integration Review Assessments conducted in conjunction with the associate contractors.

e)
The Contractor shall provide/exchange various mathematical models, configuration data, and analytical data necessary to perform integrated assessments and analysis to integrate the Constellation System of Systems.

f)
The Contractor shall provide representation and respond to Constellation SE&I in conjunction with the associate contractors in the development of integrated verification plans involving multiple systems across the Constellation System of Systems.

g)
The Contractor shall provide representation and respond to NASA Operations Integrator in conjunction with the associate contractors in the development of operations plans involving multiple systems across the Constellation System of Systems.

h)
The Contractor shall perform the analysis and trades to envelop potential viable launch vehicle options along with the other identified external interfaces and reflect the results of that analysis in the CEV definition and design.

i)
The Contractor shall manage the external spacecraft interface definition and maintenance process in accordance with DRD CEV-T-038, Interface Control Plan. 

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-026: CEV/Constellation Integrated Performance Analyses Document

· DRD CEV-T-038: Interface Control Plan

· DRD CEV-T-039: Interface Control Documents

Reference Documents

The Contractor may use the following document(s) as reference:

· NPR 8705.2A: Human-Rating Requirements for Space Systems

2.2.2
Requirements Definition and Management

Requirements Definition and Management includes the work necessary to validate CEV System requirements and interface requirements and properly allocate them to the Spacecraft, Ground Support Equipment, Facilities, and Training Systems.

a)
The Contractor shall address all life cycle functional processes in accordance with IEEE 1220-1998, Section 3.1.26 to derive a complete requirements (functional) baseline and initiate the development of the functional architecture which shall be completed under the work required by Sections 4 and 6. The Contractor shall assess all realistic alternative functional and physical architectures and select those that best balance cost, schedule, risk, and performance based on objective trades. The Contractor shall reflect the results of the work performed under Sections 3, Safety and Mission Assurance, and 5, Operations, in the requirements definition and allocation.

b)
The Contractor shall allocate CEV System level requirements and External IRDs to the Spacecraft and ground systems (Figure 1). The Contractor shall document the requirements developed from this process in the Spacecraft System Requirements Document, the Ground Support Equipment System Requirements Document, the Facilities Systems Requirements Document, the Training Systems Requirements Document, and in the CEV Specifications and Drawing Tree DRDs. 
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c)
The Contractor shall document the functional decomposition, requirements allocation, and design in the Architecture Design Document.

d)
The Contractor shall develop a capability within the requirements database to maintain bi-directional requirements traceability from the CEV System level/EIRDs and the CEV subsystem level requirements throughout the requirements allocation process to the component level. The Government shall have access to this capability and the Contractor shall provide traceability reports at all milestone reviews to verify traceability. This traceability shall be maintained and continue through the design, procurement specifications, hardware and software configuration items requirements and design, and verification of the requirements and results. The Contractor shall capture the traceability to the data validating each requirement with associated validation rationale in the requirements management database for each requirement. The CEV requirements allocated from the CEV SRD/EIRDs will be baselined by the Contractor during this phase of the contract.

e)
The Contractor shall perform analyses required to validate the allocation of requirements and shall document the results in the System Performance Analysis Report.

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-027: CEV Specification and Drawing Trees

· DRD CEV-T-028: System Requirements Documents

· DRD CEV-T-029: Architecture Design Document (ADD)

· DRD CEV-T-030: System Performance Analysis Report

· DRD CEV-T-031: Requirements Traceability Report 

3
Safety and Mission Assurance

The Contractor shall fully integrate Safety and Mission Assurance (S&MA) into the CEV System design, development, test, ground and flight operations, and ground processing activities and risk identification and mitigation.

a)
The Contractor shall implement safety, reliability, maintainability, quality assurance, and software assurance requirements for all aspects of CEV System life cycle in accordance with NPR 8715.3, NASA Safety Manual, and NASA-STD-8719.13B, Software Safety Standard.

b)
The Contractor shall provide an S&MA Plan (DRD CEV-S-001) that includes subcontractors, and defines their organization, processes, schedules, required skills, tasks and products for System Safety, Industrial, Environmental, and Range Safety, Reliability, Maintainability and Supportability, Quality Assurance, and Software Assurance activities performed in support of the CEV Project.

c)
The Contractor shall provide representation and actively respond to program technical and management meetings, milestones, and reviews (e.g., Technical Interchange Meetings, Integration Meetings, Review Boards, Safety Review Panels, and Change Control Boards).

d)
The Contractor shall evaluate flight rules, procedures and contingency operations for safety and mission success during ground and flight test operations support.

e)
The Contractor shall refer to Section 7.3 for all S&MA activities associated with the Flight Application of Spacecraft Technology (FAST). 

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-S-001: Safety and Mission Assurance (S&MA) Plan 

3.1
System Safety

a)
The Contractor shall implement and verify safety requirements in the CEV System throughout its life cycle.

b)
The Contractor shall perform and document fault trees and safety analyses to identify, mitigate and control the hazards of the CEV System throughout the CEV life cycle. Safety analyses for software shall be in accordance with NASA-STD-8719.13B, Software Safety Standard and Document 0000028497 Constellation Safety Requirements documents.

c)
The Contractor shall perform and document an overall risk assessment including the identification of residual hazards/risks and provide rationale for acceptance in accordance with DRD CEV-S-003, System Safety Hazard Analysis.

d)
The Contractor shall develop, organize, provide, and deliver data packages and support all safety reviews in accordance with the program schedule and the S&MA Plan (DRD CEV-S-001).

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-S-002: Fault Tree Analysis

· DRD CEV-S-003: System Safety Hazard Analysis

Reference Documents

The Contractor may use the following document(s) as reference:

· 0000028501: Constellation Safety and Mission Assurance Plan

3.2
Industrial, Environmental, and Range Safety

a)
The Contractor shall perform the functions for all industrial activities in compliance with all applicable international, federal, state and local, NASA and Center safety guidance and laws (NPR 8715.3, NASA Safety Manual, and NPR 8715.1, Safety and Health Handbook Occupational Safety and Health Programs), environmental and fire protection legislation, the Occupational Safety and Health Act (OSHA), Environmental Protection Agency (EPA) standards, and National Fire Protection Act (NFPA) standards, or the applicable Government-industrial safety law, including Range Safety (AFSPCMAN 91-710 Eastern and Western Range Safety User Requirements). The following NASA standards shall be used:

· NASA STD-8719.9, Standard for Lifting Devices and Equipment

· NASA-STD-8719.12, NASA Safety Standard for Explosives, Propellants, and Pyrotechnics.

· NPR 8715.XX NASA Range Safety Program 

b)
The Contractor shall report and provide all mishap close calls and safety statistics including trend items in accordance with NPR 8621.1A, NASA Procedures and Guidelines for Mishap Reporting, Investigating, and Record Keeping.

c)
The Contractor shall furnish to NASA or its agent sufficient information and technical data to enable NASA or its agent to complete its National Environmental Policy Act (NEPA) analysis accordance with NPR 8580.1, Implementing the National Environmental Policy Act and Executive Order 12114.

d)
The Contractor shall provide input towards the development of the following Data Procurement Documents:

DRD CEV-O-007, Eastern/Western Range Safety Requirements Document and Report

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-S-004: Mishap and Safety Statistics 

3.3
Reliability, Maintainability, and Supportability (RMS)

a)
The Contractor shall define, develop, and implement the Reliability, Maintainability, and Supportability tasks as an integral part of the design, development, test, evaluation, and operations processes in accordance with NPD 8720.1B, NASA Reliability and Maintainability (R&M) Program Policy and Document 0000028543 Constellation Reliability, Maintainability, and Supportability Requirements Document.

b)
The Contractor shall perform and provide Failure Modes Effects Analyses /Critical Items Lists (FMEA/CIL) and Reliability Block Diagrams Analysis (RBDA) in accordance with Document 0000028494, Program Requirements for Preparation of Hardware FMEA/CIL.

c)
The Contractor shall develop and document reliability and maintainability allocations and predictions to support CEV and Constellation Probabilistic Risk Assessments for identification of high-risk hardware, software and operations. These PRAs shall be completed in accordance with NPR 8705.5, Probabilistic Risk Assessment (PRA) Procedures for NASA Programs and Projects.

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-S-005: Failure Modes Effects Analysis & Critical Items List (FMEA/CIL)

· DRD CEV-S-006: Reliability, Maintainability, and Supportability Integrated Report

· DRD CEV-S-007: Probabilistic Risk Assessment Plan

· DRD CEV-S-008: Probabilistic Risk Assessment Results

Reference Documents

The Contractor may use the following document(s) as reference:

· NPR 8705.2A: Human-Rating Requirements for Space Systems

3.4
Hardware Quality Assurance

a)
The Contractor shall define, develop, and implement Quality Assurance requirements and processes in accordance with Document 0000028541 Constellation Program Quality Assurance Requirements, as an integral part of the CEV System life cycle.

b)
The Contractor shall define, develop, and implement an effective quality assurance program that establishes quality requirements for EEE parts, contributes to the logistics processes, maintains effective configuration management, and establishes a sound Problem Reporting and Corrective Action (PRACA) system.

c)
The Contractor and its subcontractors shall be compliant with SAE AS 9100, Quality Management System - Aerospace Requirements, Software Assurance Section, and shall develop, implement, and maintain quality management systems for all activities performed under the CEV contract.

d)
The Contractor shall provide input towards the development of the following Data Procurement Documents:

· DRD CEV-T-019: Nondestructive Evaluation Plan

· DRD CEV-T-023: Electrical, Electronic, and Electromechanical Parts Management and Implementation Plan

· DRD CEV-T-013: Master Verification Plan (MVP)

· DRD CEV-T-020: Materials and Processes Selection, Implementation, and Control Plan

· DRD CEV-T-090: Vehicle Acceptance Test Plan

· DRD CEV-T-091: Manufacturing and Assembly Plan 

3.5
Software Assurance

a)
The Contractor shall perform software assurance functions to ensure quality of all software in the CEV System, throughout the CEV System life cycle in accordance with NASA-STD-8719.13B, Software Safety Standard, and NASA STD-8739.8 NASA Software Assurance Standard.

b)
The Contractor shall define, develop, and implement a systematic approach to software safety as an integral part of the programs overall system safety program, software development, and software assurance processes.

c)
The Contractor shall demonstrate that test plans, requirements, preliminary design procedures, and results assure the implementation of software requirements.

d)
The Contractor shall demonstrate that its software development and configuration management meet documented processes according to DRD CEV-T-006, Software Development Plan.

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-S-009: Software Quality Assurance (SQA) Audit Report 

4
Spacecraft

The total design, and the plan for the development, production, assembly, test, and certification efforts required to deliver the completed spacecraft for integration with the launch vehicle.

a)
The Contractor shall design and develop a preliminary CEV spacecraft design that meets the requirements of the program objectives stated in section 2.0, Systems Engineering and Integration. The Contractor shall use integrated product design processes to ensure a balanced design with full implementation of engineering specialties to evolve a safe and effective spacecraft.

b)
The Contractor shall develop, maintain and deliver technical models and drawings of systems, subsystems and components associated with the CEV Project (DRD CEV-T-032, CEV CAD Models, and DRD CEV-T-033, Drawings). Additional specialized models and drawings may be specified within the Spacecraft Specialty Engineering and Spacecraft Subsystem DRDs.

c)
The contractor shall establish Integrated Product Teams (IPTs) to manage and develop the following products (spacecraft systems engineering, spacecraft subsystems, spacecraft integration and test, spacecraft and subsystem flight testing, and spacecraft assembly, integration, and production) in accordance with the enabling requirements in section 1.1.8, Integrated Product and Systems Engineering and Integration Teams.

d)
All spacecraft IPTs shall contain the following stakeholders:

· NASA

· required engineering disciplines (including both hardware and software representation)

· manufacturing/production representation

· required subcontractor representation

· flight operations representation

· ground operations representation

· Safety and Mission Assurance (S&MA) representation

· logistics representation

e)
The Contractor-established IPTs shall be responsible for all products required for their areas of responsibility.

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-032: CEV CAD Models

· DRD CEV-T-033: CEV Drawings 

4.1
Spacecraft Systems Engineering

Spacecraft Systems Engineering consists of the efforts to lead the spacecraft's overall system architecture definition and engineering functions. This includes the technical and management efforts of directing and controlling the integrated engineering effort for the spacecraft.

a)
The Contractor shall use a Spacecraft SEIT to manage the spacecraft systems engineering effort.

b)
The Contractor shall accumulate Spacecraft SEIT costs under the spacecraft systems engineering Work Breakdown Structure (WBS) element.

c)
The Contractor shall direct and control the integrated engineering effort for the spacecraft in order to achieve a solution that satisfies all spacecraft requirements and balances performance, cost, schedule, and risk. 

4.1.1
Requirements Definition and Management

Requirements development includes the work necessary to allocate the requirements from the spacecraft level down to the component level and then validate the requirements, including all internal interface requirements. The component level shall be taken as that level which is to be separately designed and developed, verified, manufactured or coded, and documented. The work shall include the completion of the functional architecture initiated under section 2.2.2, Requirements Definition and Management, and the allocation of all functional and performance requirements to the physical hierarchy (system physical architecture or system breakdown structure) - modules (if needed), subsystems, components, and computer software units. The allocation shall be based on an assessment of all realistic alternative architectures and selected to best balance cost, schedule, risk, and performance based on objective trades.

a)
The Contractor shall define the modules (if needed), subsystems, components, and software units that make up the CEV. If the design warrants, the Contractor may allocate the CEV spacecraft into modules prior to allocating the requirements to the subsystem and component levels.

b)
The Contractor shall allocate CEV spacecraft requirements (section 2.2.2, Requirements Definition and Management, for the Spacecraft System Requirements Document) down to the component level for the design of flight articles and flight test articles and maintain the allocations/specifications over the life of the system as development transitions to production and sustainment. Software requirements documentation is handled in section 4.2.1.1, Flight Software.

c)
If used, the Contractor shall document module level requirements using DRD CEV-T-037, System Module Level Requirements. A requirements document shall be produced for each module. A module is defined as "a self-contained unit of a spacecraft that performs a specific task or class of tasks in support of the major function of the craft. For example, a spacecraft may be broken up into an escape module, a living module, a propulsion module, etc." The Contractor has the choice of breaking their system architecture into modules and then subsystems and components or directly into subsystems and then components.

d)
The Contractor shall document subsystem level requirements using DRD CEV-T-035, CEV Subsystem Requirements. A requirements document shall be produced for each subsystem.

e)
The Contractor shall document component level requirements using DRD CEV-T-034, Component Specification. A requirements document shall be produced for each component.

f)
The Contractor shall document all hardware interfaces requirements using DRD CEV-T-036, Internal Interface Requirement Document (IRD). If used, an IRD shall be produced for each module that interfaces with another module. An IRD shall be produced for each subsystem that interfaces with another subsystem. An IRD shall be produced for each component that interfaces with another component.

g)
The Contractor shall ensure traceability between the levels is in accordance with the capability established in section 2.2.2, Requirements Definition and Management.

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-034: Component Specification

· DRD CEV-T-035: CEV Subsystem Requirements

· DRD CEV-T-036: Internal Interface Requirements Document (IRD)

· DRD CEV-T-037: System Module Level Requirements 

4.1.2
Spacecraft Integration Planning

Spacecraft Integration Planning is the work required to define and manage the internal spacecraft interfaces.

a)
The Contractor shall perform the system integration effort required to manage and control the internal spacecraft interface definition process.

b)
The Contractor shall manage crosscutting engineering issues within the spacecraft, such as the allocation of resources into the design elements including the management of margins, as well as design and operational performance estimates for various subsystems. This information shall be documented in DRD CEV-T-040, Margins Management Plan.

c)
The Contractor shall perform analyses required to validate the allocation of requirements and shall document the results in DRD CEV-T-030, System Performance Analysis Report.

d)
The Contractor shall manage the internal spacecraft interface definition and maintenance process in accordance with DRD CEV-T-038, Interface Control Plan.

e)
The Contractor shall document all internal interface design details using DRD CEV-T-039, CEV Interface Control Documents. If used, an ICD shall be produced for each module interfacing with another module. An ICD shall be produced for each subsystem interfacing with another subsystem. An ICD shall be produced for each component interfacing with another component.

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-040: Margins Management Plan 

4.1.3
Spacecraft Test, Verification and Certification Planning

The Spacecraft Test, Verification and Certification Planning effort covers the planning work to certify the spacecraft system by inspection, demonstration, simulation, analysis and/or test.

a)
The Contractor shall develop a plan for the verification and certification of the CEV spacecraft and associated subsystems and components satisfying requirements in the Spacecraft Master Verification Plan. The DRD CEV-T-013, Master Verification Plan, shall be used to develop the Spacecraft Master Verification Plan. 

4.1.4
Spacecraft Specialty Engineering

The Spacecraft Specialty Engineering function applies to the crosscutting specialty engineering disciplines of aerosciences, instrumentation, mass properties, micrometeroid and orbital debris analysis, and radiation analysis to the spacecraft.

a)
The Contractor shall apply specialty engineering throughout the life cycle of the CEV System.

b)
The Contractor's approach to incorporating the engineering specialties into the systems engineering process, and the technical effort required shall be documented in DRD CEV-T-002, CEV Systems Engineering Management Plan. 

4.1.4.1
Aerosciences

The Aerosciences discipline, covering aerodynamics (forces and moments) and aerothermal (surface heating), is concerned with the analysis of flowfield and surface properties induced by the motion of a spacecraft relative to the ambient atmosphere and their impact on vehicle thermal, structural, mission, and flight performance. Aerosciences covers all phases of atmospheric flight and plume impingement characterization, including plume/flowfield interaction.

a)
The Contractor shall develop, update and implement Aerothermal and Aerodynamic Databases (DRD CEV-T-041, Aerothermal Environment Methodology and Design and Data Book, and DRD CEV-T-042, Aerodynamic Environment Methodology and Design and Data Book) as part of the design of the CEV spacecraft.

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-041: Aerothermal Environment Design and Data Book

· DRD CEV-T-042: Aerodynamic Environment Design and Data Book 

4.1.4.2
Instrumentation

Instrumentation collects and processes CEV system transducer and sensor information and vehicle health monitoring data specified by other subsystems for use in flight and on the ground.

a)
The Contractor shall define an integrated plan for CEV spacecraft instrumentation implementing vehicle subsystem requirements and ensuring instrumentation standards are applied appropriately. This plan shall also define and document provisions for the calibration of the instrumentation transducers and sensors to assure end-to-end error and tolerances are within required performance specifications. This plan shall be documented using DRD CEV-T-043, CEV Instrumentation Plan.

b)
The Contractor shall define and document sensor range and calibration information in DRD CEV-T-049, CEV Data and Command Dictionary.

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-043: CEV Instrumentation Plan 

4.1.4.3
Mass Properties

The definition, control and verification of mass properties and growth allocation and depletion at the vehicle, subsystem and component levels are essential for the effective management of the CEV design. Mass properties data must be tracked throughout the life cycle of the CEV and is needed for critical performance analyses in the areas of aerodynamics, aerothermal, trajectory design, propulsion and attitude control including hardware and software. Mass properties must also be coordinated in a consistent manner across the Constellation Program to ensure an integrated assessment of Crew Transportation System (CTS) interface loads, propulsive performance and control authority during all mission phases.

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-044: Mass Properties Control Plan

· DRD CEV-T-045: Mass Properties Reports 

4.1.4.4
Micrometeoroid and Orbital Debris (MM/OD) Analyses

This element involves the assessment of risk to the spacecraft and crew resulting from damage or penetration from micrometeoroid and orbital debris impacts during various mission phases. Micrometeoroid and Orbital Debris (MM/OD) Analyses will provide feedback verification that the CEV flight system design meets protection requirements, which will be defined by the Contractor during CEV System risk allocation. If the MM/OD analysis indicates that supplemental MM/OD shielding is needed, those supplemental shielding requirements will be allocated to the structures subsystem.

a)
The Contractor shall assess Micrometeoroid and Orbital Debris (MM/OD) risk for loss of vehicle/crew and loss of mission based on the design MM/OD environments derived from DRD CEV-T-024, CEV Natural Environment Data Book.

b)
In performing the analysis and providing the protection hardware, the contractor shall make use of the following standards:

· JPG 8080.5, JSC Design & Procedural Standards Manual, Section M/S-11, Meteoroid and Orbital Debris Protection Levels for Structures, (Revised December 2004)

· NASA TP-2003-210788, Meteoroid/Debris Shielding, 2003

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-046: CEV MM/OD Analysis Report 

4.1.4.5
Radiation Analyses

Radiation Analyses are used to describe the internal CEV radiation environments that result from exposure to natural radiation background environments and events. The results of Radiation Analyses are used as feedback for the effectiveness of the CEV spacecraft design, including component location and materials selection, distribution and thickness, in controlling the radiation exposure of the crew and internal equipment during the CEV mission.

a)
The Contractor shall assess the space radiation environments described in the DRD CEV-T-024, CEV Natural Environment Data Book, and perform crew radiation exposure analysis (using analytical tools integrated to structural models) for the CEV.

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-047: CEV Space Radiation Analysis Report

Reference Documents

The Contractor may use the following document(s) as reference:

· NASA-STD-3000, Vol. VIII: Human Systems Integration Standards (HSIS) CEV Launch Segment (CEV and CEVLV)

· National Council on Radiation Protection and Measurements Report No. 132: Radiation Protection Guidance for Activities in Low-Earth Orbit

· National Council on Radiation Protection and Measurements Report No. 142: Operational Radiation Safety Program for Astronauts in Low-Earth Orbit: A Basic Framework

4.2
Spacecraft Subsystems

Spacecraft Subsystems development is the complex of equipment, data, services, human resources, and facilities required to design, develop, produce, and test up through certification and acceptance, a CEV meeting all CEV System-level and external-interface requirements. Spacecraft Subsystems development includes subsystem requirements generation and allocation to the component level; design and development of breadboards, engineering, qualification, and acceptance testing equipment and facilities, spacecraft wiring, flight hardware, spares, and flight and ground software; and subsystem test and integration.

The vehicle subsystems have been separated in the NASA WBS as follows:

Avionics

Electrical Power Subsystem

Mechanisms

Passive thermal control and thermal protection system

Structures (including loads and dynamics, stress analysis)

Propulsion

EVA Support Systems and Survival Crew Equipment

Environmental Control and Life Support (ECLS), Crew Health and Habitation Accommodations

Pyrotechnics

Recovery Systems

Guidance, Navigation, and Control (GN&C)

Wiring

Abort/Escape System

Direct efforts associated with integrating each of these subsystems into the vehicle are covered under section 4.3, Spacecraft Subsystem Integration and Test. Given the uniqueness of flight and ground software, this development effort is covered under Section 2.1.4, Software Engineering, and Section 4.2.1.1, Flight Software.

a)
In support of the Avionics IPT, each subsystem IPT shall be responsible for providing the

· Validation of each subsystem IPT software requirements

· Validation of subsystem models/simulations used for Flight Software verification.

b)
The Contractor shall design and develop a preliminary design for the subsystems to the component level for the spacecraft defined in section 4.0, Spacecraft.

c)
The Contractor shall provide system-level preliminary design definition data in the Architectural Design Document DRD (section 2.2.2, Requirements Definition and Management) and preliminary design definition down to the component level in the Subsystem Design and Data Books listed in sections 4.2.1 through 4.2.13.

d)
The Contractor shall hold subsystem PDRs, prior to the system PDR.

e)
The Contractor shall perform analyses, trade studies, and development testing to determine the spacecraft architecture and design for each spacecraft component meeting all requirements and best balances performance, cost, schedule, and risk. This design information shall be documented in each of the Subsystem Design and Data Books.

f)
The Contractor shall demonstrate how preliminary design maps to and complies with the CEV System level and external interface requirements. This requirements mapping shall be documented in DRD CEV-T-031, Requirements Traceability Report.

g)
The Contractor shall perform preliminary design using industry-recognized open architecture designs to maximize opportunities to use existing technologies as required in section 2.0, System Engineering and Integration. This design information shall be documented in each of the Subsystem Design and Data Books.

h)
The Contractor shall show the approach for performing detailed design, development, test, and engineering for all spacecraft elements down to the component level. The Contractor shall show the approach to specify, produce, integrate, test, and deliver qualified flight system designs and accepted flight articles that function as an integral part of the CEV System. All of this information shall be provided as part of the DRD CEV-T-048, Spacecraft Development Plan.

i)
The Contractor shall show the approach for specifying, producing, and delivering integration testing assemblies and flight test articles necessary to implement the Master Verification Plan. This information will be documented at the spacecraft, subsystem, and component levels in the Spacecraft Master Verification Plan.

j)
The Contractor shall maximize the use of subsystem-level acceptance test equipment for Ground Support Equipment (GSE) purposes, where possible.

k)
NASA has identified subsystem-specific standards the Contractor shall follow during all preliminary design activities. The standards are listed in each of the sections 4.2.1 through 4.2.13. Further standards will be defined and levied on the contract at the System Requirements Review (SRR) and during Phase 2 of the contract. Crosscutting standards applying to all subsystems are covered in section 2.1.9, Specialty Engineering, and section 4.1.4, Spacecraft Specialty Engineering.

l)
The Contractor shall use the following standards for developing all subsystems:

· JPG 8080.5, JSC Design and Procedural Standards

· NASA-STD-3000, Vol. VIII, Human Systems Integration Standards (HSIS) CEV Launch Segment (CEV and CEVLV)

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-048: Spacecraft Development Plan 

4.2.1
Avionics

The Avionics subsystem is composed of the software, computers, and other electrical and electronic equipment monitoring and controlling the CEV's subsystems. The avionics subsystem includes the hardware and software components composing the following functions: flight software, Command & Data Handling (C&DH), instrumentation, Communications and Tracking (C&T), Displays & Controls (D&C), and all data interfaces between these functions and external systems/subsystems.

a)
The Contractor shall perform requirements development, trade studies, preliminary design, and margin analysis for the spacecraft integrated avionics subsystems.

b)
The Contractor shall develop a sortable CEV Data and Command Dictionary (DRD CEV-T-049), which includes channelization information, calibration information, telemetry formats, and command information required to define the entire software and hardware system/architecture.

c)
The Contractor shall perform avionics trade studies and performance analyses. This information shall be documented using DRD CEV-T-008, Trade Studies Report. This report shall include avionics architecture diagrams, trades, schematics, prototyping results, design data, memory allocations and margins, processor throughput allocations and margins, network/data bus bandwidth allocations and margins, major/minor cycle allocations and margins, mass storage allocations and margins, performance analyses (including timing studies), planned growth provisions/margins/scarring for mass storage, memory, processor throughput, bandwidth, and addressing, and discussion of fault tolerance and effects of failures on performance.

d)
The Contractor shall use the following standards for designing the avionics subsystem:

· Constellation C3I Interoperability Standard (Document Number TBD)

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-049: CEV Data and Command Dictionary

· DRD CEV-T-050: Avionics Subsystem - Constellation C3I Interoperability Report 

4.2.1.1
Flight Software

Flight software comprises all vehicle avionics functions, including Systems Management, C&DH, C&T, instrumentation, and crew interfaces, and the application software for all other subsystems. Flight software includes software developed from scratch, software reused from another program, and software purchased (i.e., operating systems, computer drivers, etc.).

Systems Management software is the subset of flight software performing Integrated Vehicle Health Management (including automated vehicle-level Fault Detection, Isolation and Recovery (FDIR), troubleshooting, and prognostication), onboard resource management (including management of redundancy, power, data, thermal, and other finite items), and autonomous operations support. These disciplines provide the coordination of intersystem interactions, management of intersystem dependencies, monitoring of critical resources, a caution and warning data synthesis and identification capability, sequencing between distinct operational phases, and assisting the vehicle/crew in overcoming anomalies

a)
During flight software development, the Contractor shall develop the Software Requirements Specifications (DRD CEV-T-52) and Interface Requirements Specifications (DRD CEV-T-054) and implement the preliminary design processes and plans documented in the Software Development Plan (DRD CEV-T-006).

b)
The Contractor shall allocate CEV spacecraft requirements (section 2.2.2, Requirements Definition and Management, for the Spacecraft System Requirements Document) to the Computer Software Configuration Item (CSCI) level for the design of flight software and flight test software and maintain the allocations/requirements over the life of the system as development transitions to production and sustainment.

c)
The Contractor shall document all software interface and hardware/software interface requirements using DRD CEV-T-054, Interface Requirements Specification (IRS). An IRS shall be produced for each CSCI that interfaces to another CSCI and for each CSCI that interfaces directly to a hardware component.

d)
The Contractor shall allocate the CSCIs to the Computer Software Components (CSCs) and Computer Software Units (CSUs) levels. This design breakdown shall be documented in the Interface Design Documents (DRD CEV-T-053) and Software Design Description (DRD CEV-T-056) documents.

e)
The Software Requirements Specifications shall undergo the software inspections/peer reviews documented in the Software Development Plan.

f)
Software inspection/peer review results shall be documented in a Software Inspection/Peer Review Report (DRD CEV-T-057) and delivered to NASA.

g)
The Contractor shall show the approach for developing, testing, integrating, qualifying, verifying, validating, delivering, and maintaining all CEV System and subsystem flight and accompanying test software. The Contractor shall document the approach for software test, verification, and integration testing and supporting of all hardware/software and vehicle integration test activities, in the Software Test Plan (DRD CEV-T-58).

h)
The Contractor shall define and design the functions associated with systems management within the CEV. The Contractor shall clearly specify the assumptions, tradeoffs, risks, and cost/gain analysis associated with the system management design to ensure all options are considered and analyzed for all aspects of the system life cycle cost and vehicle safety. Specific considerations for systems management software shall include the following:

· Allocation of the roles and responsibilities within the vehicle systems and subsystems

· Separation of vehicle and human operators' responsibilities

· Insight and capabilities provided to the flight crew

· Specification of the fault domains

· Improvement to safety margins of the vehicle

· Strategies for testing the systems management functions in an integrated vehicle

This information shall be documented in DRD CEV-T-008, Trade Studies Report, and in the systems management software design document (DRD CEV-T-056, Software Design Document).

These documents shall provide a summation of the relevant system level trade studies, integrated systems studies, and Integrated Vehicle Health Management (IVHM) coverage with sufficient data to characterize the behavior of the system. This must include the tradeoff between operational complexity and development cost, and justify the separation between human and autonomous operations.

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-052: Software Requirements Specification

· DRD CEV-T-053: Interface Design Description

· DRD CEV-T-054: Interface Requirements Specification

· DRD CEV-T-055: Monthly Software Metrics Report

· DRD CEV-T-056: Software Design Document

· DRD CEV-T-057: Software Inspection and Peer Review Report

· DRD CEV-T-058: Software Test Plan 

4.2.1.2
Command & Data Handling (C&DH)

The Command & Data Handling (C&DH) function encompasses the data processing and computing resources including processors, memory, input/output devices, data multiplexers/demultiplexers, mass storage devices, intercomputer time-synchronization devices, and networking equipment.

The CEV Instrumentation function collects and processes vehicle transducer and sensor information and vehicle health monitoring data specified by other subsystems. The instrumentation hardware handling signal processing is under the purview of the C&DH IPT. Sensors used within a subsystems firmware controller are under the purview of the subsystem and not the C&DH IPT.

a)
The Contractor shall perform requirements development and preliminary design for all spacecraft C&DH hardware. 

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-059: C&DH Design and Data Book 

4.2.1.3
Communications and Tracking (C&T)

The Communications and Tracking (C&T) function includes space-to-ground and space-to-space communication links, RF/Optical tracking devices (excluding navigational aids), and audio and video equipment.

a)
The Contractor shall perform requirements development and preliminary design for all C&T subsystem hardware.

b)
The Contractor shall participate with NASA and the associated Constellation integration contractors in development of Constellation's integrated communications and tracking concepts, architecture and requirements.

c)
The Contractor shall apply DRD CEV-T-060, Communications and Tracking Design Data Book, to any other subsystems RF/Optical devices.

d)
The Contractor shall participate with NASA and the associated Constellation integration contractors in development of Radio Frequency/Optical ICDs as defined in DRD CEV-T-021, Spectrum Management Documents and Radio Frequency/Optical ICDs.

e)
The Contractor shall use the following standards for designing the C&T subsystem:

· NSTISSP No. 12, National Information Assurance (IA) Policy for U.S. Space Systems

· NPR 2810.1, Security of Information Technology

· NPR 1620.1A, Security Procedures and Guidelines

· NPR 1600.1, NASA Security Program Procedural Requirements

· FIPS 140-2, Security Requirements for Cryptographic Module

· FIPS 197, Advanced Encryption Standard

· DSN 810-5, Deep Space Mission Systems Telecommunications Link Interface Design Handbook

· 450-SNUG, Space Network Users' Guide

· 453-GNUG, Ground Network Users' Guide

· ICD-GPS-200, Navstar GPS Space Segment/Navigation User Interfaces

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-060: Communications and Tracking Design and Data Book 

4.2.1.4
Displays & Controls

The Displays & Controls function provides the capability for the crew to interface with the on-board computer systems and the manual controls/feedbacks used by the crew to control the vehicle. This work is done in conjunction with section 2.1.8, Human Engineering.

a)
The Contractor shall perform requirements development and preliminary design for all spacecraft displays & controls.

b)
The Contractor shall develop a spacecraft internal CEV Onboard Displays and Crew Interface Design Plan (ODCIDP) document (DRD CEV-T-062) consistent with the Constellation Onboard Displays and Crew Interface Standards (TBD-011) and NASA-STD-3000, Vol. VIII, Human Systems Integration Standards (HSIS) CEV Launch Segment (CEV and CEVLV), to integrate avionics and software engineering requirements with human engineering requirements, and to establish commonality between all Constellation elements' display and commanding protocols/schemes/"look-and-feel". The ODCIDP shall describe the Contractor's plans for incorporating flight crew and operations inputs in the displays & controls hardware and software.

c)
The Contractor shall use the following standards for designing the displays & controls subsystem:

· NASA-STD-3000 Vol. VIII, Human Systems Integration Standards (HSIS) CEV Launch Segment (CEV and CEVLV)

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-061: Displays and Controls Design and Data Book

· DRD CEV-T-062: CEV Onboard Displays and Crew Interface Design Plan 

4.2.2
Electrical Power Subsystem

The Electrical Power Subsystem consists of power generation, energy storage and electrical power distribution and control.

a)
The Contractor shall perform requirements development, preliminary design, and evaluation of all power subsystem hardware.

b)
The Contractor shall participate with NASA and the Constellation integration contractors in development of Constellation's integrated power concepts, architecture and requirements in DRD CEV-T-065, Electrical Power Quality Specification Requirement Document, and DRD CEV-T-066, Portable Electrical Equipment Power Interface Design Document.

c)
The Contractor shall use the following standards for designing the electrical power subsystem:

· JSC 20793 Manned Space Vehicle Battery Safety Handbook

· AIAA-S-080 AIAA Standard for Space Systems - Metallic Pressure Vessels, Pressurized Structures, and Pressure Components

· AIAA-S-081 AIAA Standard for Space Systems - Composite Overwrapped Pressure Vessels

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-063: Power and EPDC Systems Design and Data Book

· DRD CEV-T-064: Electrical Power and Energy Management Plan and Report

· DRD CEV-T-065: Electrical Power Quality Specification Requirements Document

· DRD CEV-T-066: Portable Electrical Equipment Power Interface Design Document 

4.2.3
Mechanisms

A Mechanism is any system in which one mechanical part moves relative to another mechanical part. Examples of mechanisms include motor driven devices, latches, hatches, devices used to execute or restrict motion, and fasteners installed, removed, or adjusted during flight.

a)
The Contractor shall perform requirements development and preliminary design for all spacecraft mechanisms.

b)
The Contractor shall design all critical mechanical systems (systems whose failure results in a critical or catastrophic hazard) in accordance with the following standard:

· NASA-STD-5017, Design and Development Criteria for Critical Mechanical Systems

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-067: Mechanical Systems Design and Data Book 

4.2.4
Passive Thermal Control and Thermal Protection System

The Passive Thermal Control (PTC) and Thermal Protection System (TPS) consist of those systems that protect the vehicle from thermal environmental extremes during all mission phases including ascent, on-orbit, and entry.

a)
The Contractor shall perform requirements development and preliminary design for the spacecraft passive thermal control and thermal protection system.

b)
The Contractor shall perform thermal analysis and testing in support of the development of the spacecraft passive thermal control and thermal protection system.

c)
The Contractor shall develop models to support integrated Constellation vehicle analyses and CEV thermal analyses.

d)
The Contractor shall use the following standard for designing the PTC and TPS subsystem:

· Thermal Protection System Development Standard (TBD - 021)

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-068: Thermal Design and Data Book

· DRD CEV-T-069: Thermal Mathematical Models and Documentation 

4.2.5
Structures

The Structures subsystem includes the following elements: primary structure, secondary structure, and all structural components of vehicle equipment, including loads, dynamics, and stress analysis.

a)
The Contractor shall provide structural design and verification.

b)
The Contractor shall perform loads, dynamics, and stress analyses.

c)
The Contractor shall develop models to support integrated Constellation vehicle analyses as well as CEV loads and stress analyses.

d)
The Contractor shall tailor NASA-STD-5001, Structural Design and Test Factors of Safety for Space Flight Hardware, to provide a project specific Structural Design Requirements document for the CEV in DRD CEV-T-073, Structural Design Requirements.

e)
The Contractor shall use the following standards for designing the structures subsystem:

· NASA-STD-5001, Structural Design and Test Factors of Safety for Space Flight Hardware

· NASA-STD-5002, Loads Analyses of Spacecraft and Payloads

· NASA-STD-5005B, NASA Standard for Ground Support Equipment

· NASA-STD-5007, General Fracture Control Requirements for Manned Spaceflight Systems

· JSC-62550, Structural Design and Verification Criteria for Glass, Ceramics and Windows in Human Space Flight Applications

· NASA-STD-7001, Payload Vibroacoustic Test Criteria

· NASA-STD-7002A, Payload Test Requirements

· NASA-HDBK-7005, Dynamic Environmental Criteria

· NSTS 08307, Space Shuttle Criteria for Preloaded Bolts

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-070: Structural Loads Data Book

· DRD CEV-T-071: Structural Dynamics Analyses, Loads, and Model Documentation

· DRD CEV-T-072: Fracture Control Plan

· DRD CEV-T-073: Structural Design Requirements 

4.2.6
Propulsion

Propulsion systems include vehicle components that provide propulsive thrust used for trajectory insertion, orbital maneuvering, and translation and rotation reaction control. Propulsion systems needed to perform abort/escape, staging, deorbit, entry, and landing activities are included in this subsystem.

a)
The Contractor shall perform requirements development and preliminary design for all propulsion systems.

b)
The CEV Contractor shall develop and use integrated propulsion models with sufficient fidelity to allow accurate trades to be performed, evaluate various levels of integration of propulsion with other vehicle subsystems, evaluate impacts on other subsystems, and evaluate different technologies or design approaches. These models should simultaneously solve the propulsion subsystem and vehicle integration models, and allow parametric studies. The model assumptions, model technique, input and output data shall be reported in DRD CEV-T-074, Propulsion Design and Data Book.

c)
The Contractor shall use the following standards for designing the propulsion subsystem:

· NPD 8710.5B, Pressure System Safety

· CPIA 655, Guidelines for Combustion Stability Specifications

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-074: Propulsion System Design and Data Book 

4.2.7
EVA Support Systems

The Extra Vehicular Activity (EVA) Support Systems subsystem includes EVA support systems including suit/umbilical interfaces, airlock or vehicle depressurization/repressurization system interfaces, support of the computer displays & controls definition, support of EVA hatch design and mechanisms, specialized CEV-specific EVA tools, and external restraints and mobility aids. The Government will provide the EVA Systems (e.g., EVA suits, launch and entry suits, helmets, gloves, undergarments, and standard EVA tools).

a)
The Contractor shall perform requirements development and preliminary design for all spacecraft EVA support systems.

b)
The Contractor shall use the following EVA support systems subsystem standard and the Human Engineering Standards listed in section 2.1.8, Human Engineering, for designing this subsystem:

· JSC 28918, EVA Design Requirements and Considerations

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-075: EVA Support Systems Design and Data Book 

4.2.8
Environmental Control and Life Support (ECLS), Crew Health and Habitation Accommodations, and Survival Crew Equipment Systems

This area consists of the spacecraft subsystems for Environmental Control and Life Support (ECLS), active thermal control, medical systems interfaces, habitation accommodations, and survival crew equipment systems. The subsystem provides for the following functions:

Breathable atmosphere

Emergency oxygen

Contaminant control (in the air, in fluids and on surfaces)

Potable and non-potable water

Waste and trash collection, storage, processing and disposal

Fire detection and suppression

Cabin pressure, temperature and humidity

Heat acquisition, transport and rejection

Equipment and vehicle systems active thermal control

Thermally-controlled storage

Food supply interfaces and onboard processing and preparation systems and storage

Environmental monitoring

Medical systems interfaces (including crew health system interfaces and countermeasure systems interfaces)

Habitation Accommodations (e.g., crew "seats", internal restraints and mobility aids, hygiene systems, privacy accommodations, sleep systems, ambient storage systems, maintenance and repair systems, in-situ training systems, housekeeping systems, clothing interfaces, illumination systems, crew personal items (e.g., relaxation and entertainment systems) interfaces, inventory systems, and noise (acoustics) control systems).

Crew equipment systems and gear for escape, emergency egress and survival including pressure suit interfaces, crew/personnel postlanding tracking systems, and crew/personnel postlanding communications systems.

a)
The Contractor shall perform requirements development and preliminary design for all spacecraft ECLS, crew health and habitation accommodations, and survival crew equipment systems.

b)
The Government will provide food and food packaging, portable medical kits and equipment and medical supplies, portable countermeasures systems, crew clothing and portable crew personal items (e.g., relaxation and entertainment systems, mementos). The Contractor shall design to the interface requirements for these Government-provided items as defined in the Interface Requirements Document (IRD) for these subsystems.

c)
The Contractor shall use the following ECLS, crew health and habitation accommodations, and survival crew equipment systems standards and the Human Engineering Standards listed in section 2.1.8, Human Engineering, for designing this subsystem:

· MSFC-SPEC-164B, Specification for Cleanliness of Components for Use in Oxygen, Fuel and Pneumatic Systems

· JSC 20584, Spacecraft Maximum Allowable Concentrations for Airborne Contaminants

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-076: Environmental Control and Life Support Design and Data Book

· DRD CEV-T-077: Habitation Accommodations and Survival Crew Equipment Systems Design and Data Book 

4.2.9
Pyrotechnics

The Pyrotechnics subsystem includes all devices and assemblies containing, or operated/actuated by, propellants and/or explosives. This subsystem includes items such as initiators, detonators, safe and arm devices, cartridges, separation bolts and nuts, pin pullers, linear separation systems, guillotines, valves, disconnects, transfer assemblies, through bulkhead initiators, shaped charges, mortars, circuit interrupters, dimple motors, but specifically excludes large rocket motors. 

a)
The Contractor shall perform requirements development and preliminary design for all spacecraft pyrotechnics.

b)
The Contractor shall plan pyrotechnic systems to be designed, fabricated, verified, and operated in accordance with NSTS 08060, Space Shuttle System Pyrotechnic Specification.

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-078: Pyrotechnic Subsystem Design and Data Book 

4.2.10
Recovery Systems

The Recovery Systems include parachute assemblies, equipment for impact attenuation and floatation. Parachute assemblies include slings attaching a parachute to the vehicle; connectors; parachute risers, suspension lines and canopies; reefing lines; deployment bags; and deployment lines. Parachutes use aerodynamic drag to decelerate and stabilize the CEV. Landing attenuation devices such as landing struts and airbags are used to further reduce the landing impact. Landing struts will not be the responsibility of the recovery function; instead, landing struts, if used, will be part of the mechanisms subsystem. For water landings, floatation devices are used to keep the CEV afloat until retrieval is completed. Recovery components needed to perform nominal, abort and contingency landings are included.

a)
The Contractor shall ensure the recovery systems' parachutes are implemented in accordance with NASA Human Rating Process for Spacecraft Parachute Systems (TBD - 025).

b)
The Contractor shall perform requirements development, trade studies, and preliminary design for the CEV recovery hardware.

c)
The Contractor shall develop models and simulations to support recovery systems development (DRD CEV-T-080, Recovery System Simulation Models and Documentation).

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-079: Recovery Systems Design and Data Book

· DRD CEV-T-080: Recovery Systems Simulation Models and Documentation 

4.2.11
Guidance, Navigation, and Control (GN&C)

The Guidance, Navigation, and Control (GN&C) subsystem defines the design of the guidance, navigation, and control system; includes analysis of the requirements levied on the guidance, navigation, and control system and derivation of guidance, navigation, and control requirements levied on other subsystems; contains component descriptions, equations, logic, interface descriptions, and execution requirements; provides a description of the database (input) used to design the guidance, navigation, and control system, trade studies performed, error budgets allocated and/or determined, performance and margin analyses, operational envelope and system limitations; and includes the hardware for navigation sensors and specialized control devices (i.e., Control Moment Gyros (CMGs).

GN&C has a special relationship with the flight software subsystem. In support of the Avionics IPT, the GN&C contractor IPT lead is responsible for (1) validation of the subsystem software requirements and (2) validation of subsystem models/simulations used for Flight Software verification. In addition, the GN&C contractor IPT lead shall provide all algorithms and calibration information needed to develop the GN&C flight software.

a)
The Contractor shall perform requirements development and preliminary design for all spacecraft GN&C systems.

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-081: GN&C Design Requirements Document

· DRD CEV-T-082: GN&C Design and Data Book 

4.2.12
Wiring

The Wiring subsystem includes both electrical and optical signals and provides the power, data, and command paths, connections, production breaks and access points required to develop, assemble, operate, verify, certify, service and safe the CEV throughout its life cycle.

In addition to wiring harnesses and optical cabling, the Wiring subsystem includes the static electrical and optical service panels, outlets and connectors needed to support testing, troubleshooting, processing and operation of the CEV, and the dynamic electrical and optical service panels/connectors needed to make/break electrical and optical connections between the CEV and other Constellation elements or external equipment from launch through recovery. The Wiring subsystem also includes all grounding, shielding, circuit protection and circuit isolation provisions needed for the safe operation of the CEV in its development, test and operational environments.

a)
The Contractor shall develop and document the process for defining, fabricating, routing, installing, verifying and maintaining the CEV Wiring subsystem throughout the life cycle of the CEV including vehicle modifications, upgrades and discrepancy resolution. This process shall be documented in the DRD CEV-T-083, CEV Wiring Plan.

b)
The CEV Wiring Plan shall provide traceability of the parts, materials, tools, and labor used to fabricate and install the Wiring subsystem.

c)
The Contractor shall define and implement a wiring database providing a hierarchical path/signal structure linked to DRD CEV-T-049, CEV Data and Command Dictionary.

d)
The wiring database shall include all electrical harnesses and optical cables used on the CEV for ground, launch, flight, and recovery operations and testing, verification, calibration, and maintenance. The wiring database shall be delivered to NASA as DRD CEV-T-084, CEV Wiring Database and Reports.

e)
The Contractor shall develop a CEV process for grounding, shielding, circuit protection and circuit isolation ensuring the safety of personnel, protection of equipment and integrity of signals during the development, testing, verification, and operation of the CEV. This plan shall be documented in DRD CEV-T-085, CEV, Grounding, Shielding and Circuit Protection/Isolation Plan.

f)
The CEV grounding, shielding, circuit protection and circuit isolation process shall be consistent with the Constellation Grounding, Shielding and Circuit Protection/Isolation Plan (TBD - 022).

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-083: CEV Wiring Plan

· DRD CEV-T-084: CEV Wiring Database and Reports

· DRD CEV-T-085: CEV Grounding, Shielding and Circuit Protection/Isolation Plan 

4.2.13
Abort/Escape System

The Abort/Escape System is used to provide crew survival modes through the ascent, orbit, and descent profile. The Abort/Escape System uses components, resources and data from other systems and subsystems in addition to hardware specifically designed to accomplish abort/escape functions.

a)
The Contractor shall perform requirements development, vehicle level trades, and preliminary design for all spacecraft Abort/Escape Systems. 

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-086: Abort/Escape System Design and Data Book 

4.3
Spacecraft Subsystem Integration and Test

The Contractor shall plan for Spacecraft Integration and Test of the subsystems identified under section 4.2, Spacecraft Subsystems. These activities will be completed in contractor-developed or acquired integration facilities, testbeds and on the vehicle when testbed integrated testing is not feasible. The Spacecraft Subsystem Integration and Test effort includes the development of the facilities, test equipment, and models needed to perform all spacecraft subsystem integration and test activities.

a)
The basic objective of the CEV test program shall be to verify that the CEV subsystem design, manufacturing processes and acceptance procedures result in a CEV System that meets all spacecraft system level requirements.

b)
CEV verification shall include the following activities: test, demonstration, simulation, analysis, analogy, and inspection.

c)
All spacecraft subsystem integration and test efforts shall be consistent with the process, plans, and rules presented in the Master Verification Plan and the Spacecraft Master Verification Plan.

d)
The Contractor shall plan for the performance of the Spacecraft Subsystem Integration and Test effort required to define, produce, test, operate and sustain the CEV spacecraft. These plans shall be documented in the Master Verification Plan and the Spacecraft Master Verification Plan.

e)
The Contractor shall develop plans for constructing, procuring, converting existing, modifying existing, and arranging for the use of all spacecraft facilities, facility systems, testbeds, and test assemblies for the integration and testing of the spacecraft subsystems. The Contractor shall include plans to use existing government facilities and industry facilities. These plans shall be documented in DRD CEV-T-087, Facilities Identification Plan.

f)
The Contractor shall identify and describe all integration facilities, facility systems, testbeds, and test assemblies and the usage in the Master Verification Plan and the Spacecraft Master Verification Plan.

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-087: Facilities Identification Plan 

4.4
Spacecraft and Subsystem Flight Testing

The Spacecraft and Subsystem Flight Testing activity is a comprehensive set of evaluations of the spacecraft and major subsystems exercised during some portion of the actual flight regime (ascent, ascent abort, entry, landing, etc.). Examples of subsystem flight test include drop tests from an aircraft to evaluate a decelerator or landing attenuation system or a launch pad abort system test. Flight testing of the spacecraft includes both boilerplate versions with various levels of functional subsystems to a full up spacecraft launch of a complete CEV. Integration with a launch vehicle or carrier vehicle (abort extraction rocket, aircraft, etc.) is required for flight testing. The purpose of these tests is to perform verification test activities for the spacecraft subsystems in Section 4.2 that can not be executed cost-effectively on the ground, and to validate CEV System requirements.

a)
The Contractor shall develop a comprehensive flight test and evaluation program that satisfies the objectives as defined in the CEV Level 0 and System of System level requirements documents. This plan shall be documented in DRD CEV-T-088, Flight Test and Evaluation Plan.

b)
The Contractor shall develop, update, and mature through preliminary design the requirements for test ranges, ground support, monitoring, and control systems specifically required for flight test activities and the design of appropriate data links, communications systems, and data processing algorithms and displays required for test. These systems may include ground/airborne support systems (such as carrier aircraft or a launch vehicle), support equipment, and mission control centers, control rooms, tracking and other monitoring and range systems. These requirements shall be documented in the Flight Test and Evaluation Test Plan (DRD CEV-T-088).

c)
The Contractor shall correlate models and analyses to the test flight data and deliver the results to NASA following each test flight.

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-088: Flight Test and Evaluation Plan 

4.5
Spacecraft Assembly, Integration, and Production

The Spacecraft Assembly, Integration, and Production activity consists of all activities needed to produce an integrated, verified, validated, and accepted vehicle.

a)
The Contractor shall provide NASA with preliminary plans for in-process and post-production inspections and tests of flight articles and their interfaces necessary to support Government acceptance and consistent with product assurance plans and acceptance test procedures.

b)
The Contractor shall provide plans for vehicle certification and acceptance testing in accordance with the certification and acceptance test requirements. These plans shall be documented in DRD CEV-T-089, Vehicle Certification Test Plan, and DRD CEV-T-090, Vehicle Acceptance Test Plan.

c)
The Contractor’s delivery plans shall include how the Contractor plans to manufacture and assemble the flight articles(s) and associated unique tooling, fixtures and support and test equipment in accordance with DRD CEV-T-091, Manufacturing and Assembly Plan.

d)
The Contractor shall obtain and schedule existing Government and industry test equipment, facilities, tooling or fixtures required for producing and testing mission-cycle flight articles. Space Act Agreements (SAAs) shall be the mechanism by which the Contractor obtains Government facilities and services.

e)
The Contractor shall provide a preliminary spare parts list as part of the DRD CEV-T-010, Logistics Support Analysis (Recommended Spare Parts List).

f)
The Contractor shall provide preliminary plans detailing the designing and building of all CEV Transportation Support Equipment, and the plans for transportation of the CEV to the processing site and/or launch site. These plans shall be included in DRD CEV-T-092, CEV Handling and Transportation Plan. 

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-T-089: Vehicle Certification Test Plan

· DRD CEV-T-090: Vehicle Acceptance Test Plan

· DRD CEV-T-091: Manufacturing and Assembly Plan

· DRD CEV-T-092: CEV Handling and Transportation Plan 

5
Operations

To accomplish long-term Exploration Program objectives of providing an operational capability to support human exploration missions with a safe, sustainable, and affordable program, the Contractor must embark on a design (during Phase I of this contract) and an integrated test flight program (during Phase II) that will support these objectives. After a successful integrated test flight program, the Contractor will also support NASA’s CEV System transition from the Exploration Systems Mission Directorate to the Space Operations Mission Directorate which will conduct all operational flights. It is essential the delivered CEV System integrates with the Constellation systems. Since this phase of the contract does not include the execution of integrated test flights and operational flights, this section will require the Contractor to provide the plans and processes for future operations. These products will demonstrate operational characteristics that are considered early and implemented in the design and development phase. This will ensure a vehicle is designed and built which can be safely and efficiently operated over its required mission.

Reference the figure below for the relation between the SOW Operations sections and terms.
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Operations include processes, plans, system requirements, training, procedures, and work associated with the preparation, launch and flight execution, and recovery of the CEV. The scope of operations includes the activities commencing once CEV System hardware/software has been delivered to the Government and is in support of the integrated test flights. Although the operations discussed are for the integrated test flights, unless noted in the transition plan, they will be developed with the intent to be used during the operational flights as well. The integrated test flights are those where the CEV spacecraft has been integrated with the CEV launch vehicle. The 2 principle areas of Operations are Ground Operations and Flight Operations. Ground Operations are activities associated with the preparation of the flight hardware using ground systems for the launch and postlanding operations to include the planning, ground processing, launch, and postlanding operations. Flight Operations are activities performed to support the spacecraft and crew to accomplish the mission objectives. The scope of flight operations begins with the early preflight analyses and design, flight planning, flight product and procedure development and flight execution by the crew and mission operations.

This section includes an overall concept of operations, and plans for detailed ground operations, detailed flight operations, considering operations during design, range safety, training, and transition. In all these products the Contractor shall consider innovative technologies and methodologies, which improve safety, efficiency, and lower life cycle costs.

The Contractor shall plan on interfacing with a NASA Operations Integrator (NOI) organization (Reference section 1.3). NOI will provide overall Constellation Program operations planning, coordination, integration, and execution.

a)
The Contractor shall provide its Concept of Operations for the CEV in accordance with DRD CEV-O-001, Contractor’s CEV Concept of Operations, Volume I, Concept of Operations. 

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-O-001: Contractor’s CEV Concept of Operations 

5.1
Operations Considerations During Design

The Contractor shall establish operations requirements and operations shall influence the design and development phase of the CEV Project. The balance between spacecraft designers and operators shall be initiated at the very beginning, during requirements development and trade studies, to ensure a balance of cost, schedule and risk between spacecraft design and ground and flight infrastructure needed to accomplish the operational mission. Examples of operational influence in the design include: reducing and consolidating flight-to-ground interface points in addition to flight-element to flight-element interfaces; using common/consistent fasteners, connectors, and consumables/propellants; designing for Line Replaceable Unit (LRU) removal, replacement and retest throughout the processing flow; in-space maintenance; and reducing dependence on flight-specific flight design and planning changes/updates

a)
The Contractor shall define, develop, and implement operations requirements as an integral part of the CEV System life cycle, and then shall prepare and update an implementation report of the operations requirements, innovations, and considerations for the CEV design and development effort in accordance with DRD CEV-O-002, CEV Operations Requirements Implementation Plan and Report.

b)
The Contractor shall prepare and implement an approach for including experienced operations personnel in relevant IPTs to insert operational considerations during all phases of the CEV life cycle. This approach shall be documented in the organizational structure developed in accordance with DRD CEV-M-001, CEV Organization Structure. 

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-O-002: CEV Operations Requirements Implementation Plan and Report 

5.2
Ground Operations

Ground Operations provides (1) plans for CEV stand-alone ground operations and (2) requirements for integrated ground operations where the activities involve the CEV with other Constellation flight elements.

a)
The Contractor shall provide a detailed plan for ground operations, including the plan for stand-alone and requirements for integrated ground operations in accordance with DRD CEV-O-003, CEV Ground Operations Plan, Volume I, CEV Ground Operations Plan.

b)
The Contractor shall identify the type, format, contents, delivery schedule and a proposed process for management of Operations and Maintenance documentation for ground operations, and deliver DRD CEV-O-004, Flight Hardware Operations and Maintenance Plan.

c)
The Contractor shall prepare, and update DRD CEV-O-005, Ground Systems Plans and Reports, Volume VI, Ground Systems Support Requirements Documentation, to record the requirements for each integrated test flight and operational flight, in compliance with KSC-HB-GP60-3 ASRS Handbook. 

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-O-003: CEV Ground Operations Plan

· DRD CEV-O-004: Flight Hardware Operations and Maintenance Plan

· DRD CEV-O-005: Ground Systems Plans and Reports 

5.2.1
Ground Processing

Ground Processing includes activities performed to prepare the personnel, ground systems, and spacecraft during preflight operations. It includes the planning associated with all work conducted at the launch or processing site prior to beginning the launch operations.

a)
The Contractor shall develop and update a plan in accordance with DRD CEV-O-003, CEV Ground Operations Plan, for the following:

· Transportation and Handling (DRD CEV-O-003 Volume III)

· Spacecraft Maintenance and Refurbishment (DRD CEV-O-003 Volume IV)

· Assembly, Test and Checkout (DRD CEV-O-003 Volume V)

· CTS Integration and Launch Complex Activities (DRD CEV-O-003 Volume VI)

· On-Pad Servicing for Launch (DRD CEV-O-003 Volume VII) 

5.2.2
Launch Operations

Launch Operations include the final activities to prepare the ground systems, and prepare and launch the CEV and the CEVLV. Launch Operations consist of development of requirements, plans, processes, and schedules to service, checkout, and launch the CEV and CEVLV for test and operational flights.

a)
The Contractor shall develop and update a launch operations plan in accordance with DRD CEV-O-003, CEV Ground Operations Plan, Volume VIII, Launch Operations. 

5.2.3
Postlanding Operations

Postlanding Operations includes the activities required to plan, deploy, prepare the landing sites and landing aids for the CEV, aid crew egress and transport, perform medical/emergency operations, safe flight hardware, and transport/retrieve appropriate parts of the flight system.

a)
The Contractor shall develop and update a postlanding operations plan in accordance with DRD CEV-O-003 Volume IX, Postlanding Operations. 

5.3
Flight Operations

Flight Operations include the plans, processes, and schedules required to perform the preflight flight design, analyses, and planning activities; flight products and procedure development; and execution of the integrated test flights and operational flights.

a)
The Contractor shall provide a management and integration plan for flight operations (DRD CEV-O-006 CEV Flight Operations, Volume I, Flight Operations Management and Integration), defining flight operations products and services which are required in the preparation for preflight and real-time flight execution.

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-O-006: CEV Flight Operations Plan 

5.3.1
Flight Design, Analysis and Planning

Flight Design, Analysis, and Planning include plans, processes, and schedules required for the flight design and analysis, detailed ground rules and constraints definition for flight design and planning, and associated products generation to achieve the integrated test flight and operational flight objectives. The flight design and analyses include the activities performed to design the vehicle flight trajectory, mass properties profiles, consumables profiles, and other parameters to execute all phases of the mission without violating any hardware, software, or operational constraints. The flight planning process combines the resulting products from the flight design analyses with the crew activities, crew and vehicle constraints, and other flight requirements products into a detailed, integrated flight plan for the crew and flight controllers to execute the flight.

a)
The Contractor shall provide a flight design, analysis, and planning process for the CEV in accordance with DRD CEV-O-006, CEV Flight Operations Plan, Volume II, CEV Flight Design, Analysis, and Planning Process Description. 

5.3.2
Integrated Flight Products and Procedures

Integrated Flight Products and Procedures consist of developing plans, processes, and schedules required for integrated test flight and operational flight preparation activities, including development of CEV:

flight rules

command and telemetry selection

console reference and real-time support products and procedures

flight crew and flight controller procedures

The culmination of these activities will be the production of a complete, integrated set of operations products and procedures.

a)
The Contractor shall develop the procedures development plan in accordance with DRD CEV-O-006, CEV Flight Operations Plan, Volume III, CEV Flight Operations Products and Procedures Development, to provide nominal and off-nominal CEV procedure inputs, command and telemetry definitions, flight rules development, and console reference products. 

5.3.3
Flight Operations Execution

Flight Operations Execution includes plans, processes, and schedules required for the integrated test flight and operational flight execution. This encompasses real-time support for all phases and aspects of mission and crew operations beginning with pre-launch activities through post landing egress of the flight crew. Flight operations execution activities include:

Coordination, update, and support of the execution of the flight plans

Trajectory management

Command and control

CEV System performance monitoring (discrete and trend analysis of spacecraft telemetry)

Spacecraft system anomaly diagnosis, determination of the impact of the anomaly to mission and crew operations, and the preparation and execution of contingency plans to mitigate anomalies.

This element addresses mission and crew operations for integrated test flight through the transition.

a)
The Contractor shall provide a plan for the support of flight operation execution of the CEV in accordance with DRD CEV-O-006, CEV Flight Operations Plan, Volume V, CEV Flight Support and Execution. 

5.4
Range Safety 

Test and operational flights of the CEV from US airspace and ranges will require interaction with the agency responsible for the range. Range Safety includes the technical and management efforts to assemble the appropriate team, develop, and prepare plans for compliance with range safety requirements during design, development, preparation and execution of CEV test and operational flights; establish meetings and reviews with range safety personnel and the CEV development IPT personnel; and obtain range safety support to hazardous activities at the launch and test flight sites, launch operations, and hazards analysis for the launch/ascent phase and the descent/landing phase.

a)
In association with the CEVLV Project, the Contractor shall perform operational trajectories analyses, support hazard and fatality analyses and produce a Range Safety Trajectory Analysis Report in accordance with DRD CEV-O-007, Eastern/Western Range Safety Requirements Document and Report.

b)
In association with the CEVLV Project, the Contractor shall define and resolve any range safety issues in support of CEV system development, and produce the final approved set of range safety requirements in accordance with DRD CEV-O-007, Eastern/Western Range Safety Requirements Document and Report.

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-O-007: Eastern/Western Range Safety Requirements Document and Report 

5.5
Training

Training includes plans, processes, and schedules required to train and certify ground operations personnel engaged in the inspection, test, checkout, maintenance, and operations of all CEV flight hardware, GSE, facilities, facility systems, and equipment to support the ground operations of the CEV System. This element also includes plans, processes, and schedules required to train and certify flight crew, flight controller, and other flight operations personnel to support the preflight and real-time flight operations of the CEV System.

a)
The Contractor shall develop a plan in accordance with DRD CEV-O-003, CEV Ground Operations Plan, Volume II, Ground Operations Training, for an efficient training, certification, and proficiency program for CEV ground operations personnel engaged in the inspection, test, checkout, maintenance, and operations of all assigned flight hardware, GSE, facilities, facility systems, and equipment. This shall include the identification and supporting rationale for CEV training systems.

b)
The Contractor shall provide an efficient CEV flight operations training, certification, and proficiency plan in accordance with DRD CEV-O-006, CEV Flight Operations Plan, Volume IV, CEV Flight Operations Training Development and Support, to cover the aspects of CEV flight crew, flight controller, and other flight operations personnel training. This shall include the identification and supporting rationale for CEV training systems. 

5.6
Transition Planning 

Transition Planning includes planning for the transition of the spacecraft and the ground systems from the integrated test flights to the operational flights. This includes transition of sustaining engineering, logistics support, GSE, facilities, mockups, hardware and software simulators, trainers, components of control centers, and other equipment or infrastructure associated with operations development and integrated test flights.

a)
The Contractor shall provide a plan and supporting rationale in accordance with DRD CEV-O-001, Contractor’s CEV Concept of Operations, Volume II, CEV System Operations Transition, to transition from integrated test flights by the Contractor’s team to operational flights . 

6
Ground and Training Systems

Ground Systems include facilities, facility systems, and ground support equipment hardware and software required to support integrated test flights and operational flights for ground and flight operations. Training Systems include facilities, hardware and software to support ground and flight operations training. 

The work for Ground and Training Systems includes the allocation of requirements for ground support equipment, facilities, and training systems to end items as shown in Fig 1 of Sec 2.2.2. For end items which are CEV-unique, the work further includes planning and preliminary design. For end items which are provided by other elements of the Constellation System-of-Systems, the work further includes participation in applicable technical interchange meetings and technical design reviews per Sec. 2.2.1.

Reference the figure below for the relation between the SOW Ground Systems sections and terms.
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6.1
Systems Engineering 

Systems Engineering of Ground and Training Systems consists of the efforts to lead the CEV Ground and Training System’s overall system architecture definition and engineering functions. This includes the technical and management efforts of directing and controlling the integrated engineering effort for the Ground and Training Systems. This element also includes the delivery of Ground and Training Systems software requirements including those necessary for CEV System training, flight design, analysis and planning, ground processing, integrated testing and verification, and ground and flight operations.

a)
The Contractor shall direct and control the integrated engineering effort in support of SOW section 2.2, Systems Requirements Development and Integration, to develop the Facilities, Ground Support Equipment, and Training SRD's, in accordance with DRD CEV-T-028, System Requirements Document. This activity will achieve a solution that is consistent with all Ground Systems defined in DRD CEV-O-006, CEV Flight Operations Plan, and DRD CEV-O-003, CEV Ground Operations Plan, and balances performance, cost, schedule, and risk.

b)
The Contractor shall document end item level requirements in accordance with DRD CEV-O-005, Ground Systems Plans and Reports, Volume I, Ground Systems End Item Requirements Document and Report. The Contractor shall provide representation and respond to the responsible Government organizations to implement the required construction or modifications to facilities and facility systems.

c)
The Contractor shall document training systems end item level requirements in accordance with DRD CEV-O-009, CEV Training Systems Plan, Volume I, CEV Ground Operations Training Systems End Item Requirements Plan and Report and Volume III, CEV Flight Operations Training Systems End Item Requirements Plan and Report. 

d)
The Contractor shall prepare and implement a simulation model of the Contractor-provided spacecraft and Ground Systems to assess clearances, placement, conflicts and the moving of hardware in DRD CEV-O-008, Flight Hardware and Ground Systems Computer Models.

e)
The Contractor shall prepare and deliver DRD CEV-O-005, Ground Systems Plans and Reports, Volume III, Ground Systems Utilization Plan and Report.

f)
Software shall comply with standards identified in Section 2.1.4, Software Engineering.

g)
For ground operations defined in DRD CEV-O-003, CEV Ground Operations Plan, the Contractor shall develop and provide the Software Requirements Specifications and the Interface Requirements Specifications for ground operations software and firmware in accordance with DRD CEV-T-052, Software Requirements Specification, and DRD CEV-T-054, Interface Requirements Specification and implement the preliminary design processes and plans documented in the Software Development Plan (DRD CEV-T-006).

h)
For flight operations defined in DRD CEV-O-006, CEV Flight Operations Plan the Contractor shall develop and provide the Software Requirements Specifications and the Interface Requirements Specifications for the CEV-unique flight operations software and firmware in accordance with DRD CEV-T-052, Software Requirements Specification, and DRD CEV-T-054, Interface Requirements Specification and implement the preliminary design processes and plans documented in the Software Development Plan (DRD CEV-T-006). 

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-O-008: Flight Hardware and Ground Systems Computer Models 

6.2
Facilities and Facility Systems

Facilities and facility systems design includes preliminary plans and designs needed for CEV System-unique or stand-alone ground operations and flight operations. Facilities and facility systems encompasses stand-alone processing facilities, control rooms, landing and recovery facility systems and other monitoring systems.

a)
The Contractor shall provide an implementation plan and prepare preliminary designs for CEV Contractor provided facilities and facility systems in accordance with DRD CEV-O-005, Ground Systems Plans and Reports, Volume II, Ground Systems End Item Implementation Plan and Report. 

6.3
Ground Support Equipment

Ground Support Equipment includes preliminary plans and designs for CEV System-unique ground support equipment, both hardware and associated software, needed for ground and flight operations during integrated test flights and operational flights.

a)
The Contractor shall provide an implementation plan and prepare preliminary designs for CEV Contractor provided Ground Support Equipment and it's associated embedded software in accordance with DRD CEV-O-005, Ground Systems Plans and Reports, Volume II, Ground Systems End Item Implementation Plan and Report.

b)
The Contractor shall allocate the CSCIs to the Computer Software Components (CSCs) and Computer Software Units (CSUs) levels for Contractor provided CEV System-unique GSE. This design breakdown shall be in accordance with the Interface Design Documents (DRD CEV-T-053) and Software Design Description (DRD CEV-T-056) documents.

c)
The Contractor shall show the approach for developing, testing, integrating, qualifying, verifying, validating, delivering, and maintaining all GSE and accompanying test software. The Contractor shall document the approach for software test, verification, and integration testing and supporting of all hardware/software and vehicle integration test activities, in accordance with the Software Test Plan (DRD CEV-T-058). 

6.4
Training Systems

Training Systems include preliminary plans and designs for CEV System-unique training systems needed for ground operations and flight operations during integrated test flights and operational flights. The training systems include the hardware, software, and facilities required to educate, test, certify, qualify, standboard, maintain proficiency, and otherwise prepare the crew, ground, and flight operations personnel for successful execution of exploration missions.

a)
In support of DRD CEV-O-003, Ground Operations Plan, Volume II, Ground Operations Training, the Contractor shall provide preliminary designs and a plan to develop, test and deliver the training systems required to train and certify the ground operations personnel for ground processing, launch operations, and postlanding operations for the CEV spacecraft. Plans and designs are documented in accordance with DRD CEV-O-009,CEV Training Systems Plan, Volume II, CEV Ground Operations Training Systems End Item Implementation Plan and Report.

b)
In support of DRD CEV-O-006, CEV Flight Operations Plan, Volume IV, Training Development and Support, the Contractor shall provide preliminary designs and a plan to develop, test and deliver the training systems required to train and certify the CEV crew, fight controllers and other flight operations personnel for the preflight design, analysis and planning activities and for flight operations execution. Plans and designs are documented in accordance with DRD CEV-O-009, CEV Training Systems Plan, Volume IV, CEV Flight Operations Training Systems End Item Implementation Plan and Report.

c)
The Contractor shall allocate the CSCIs to the Computer Software Components (CSCs) and Computer Software Units (CSUs) levels for Contractor provided CEV System-unique Training Systems. This design breakdown shall be documented in the Interface Design Documents (DRD CEV-T-053) and Software Design Description (DRD CEV-T-056) documents.

d)
The Contractor shall show the approach for developing, testing, integrating, qualifying, verifying, validating, delivering, and maintaining all Training System and accompanying test software. The Contractor shall document the approach for software test, verification, and integration testing and supporting of all hardware/software and vehicle integration test activities, in the Software Test Plan (DRD CEV-T-58).

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-O-009: CEV Training Systems Plan 

6.5
Assembly, Integration, Test and Production

The Assembly, Integration, Test and Production activity consists of all activities needed to produce integrated, verified, validated, and accepted Ground and Training Systems. Test activities will be completed using testbeds, flight hardware emulators, and mockups/pathfinders and the applicable Ground Systems.

a)
The Contractor shall provide a plan that includes the manufacture, assembly, inspection, test, certification and acceptance of the ground system articles(s) and associated unique tooling, fixtures and support and test equipment in accordance with DRD CEV-O-005, Ground Systems Plans and Reports, Volume II, Ground Systems End Item Implementation Plan and Report.

b)
The Contractor shall provide a plan that includes the manufacture, assembly, inspection, test, certification and acceptance of the training system articles(s) and associated unique tooling, fixtures and support and test equipment in accordance with DRD CEV-O-009, CEV Training Systems Plan, Volumes II and IV, CEV Ground Operations Training Systems End Item Implementation Plan and Report, and CEV Flight Operations Training Systems End Item Implementation Plan and Report.

c)
The Contractor shall provide preliminary Facilities Master Verification Plan (MVP), Ground Support Equipment MVP and a Training Systems MVP for the approach, requirements, implementation strategies and associated test documentation to test, verify, activate, and qualify Ground and Training Systems hardware and associated software in support of ground and flight operations In accordance with DRD CEV-T-013, Master Verification Plan. 

6.6
Operations, Maintenance and Sustaining Engineering

Ground and Training Systems Operations, Maintenance, and Sustaining Engineering include the development of requirements and plans for operations, maintenance and performing sustaining engineering of facilities, facility systems, support equipment, ground software and training systems for CEV Contractor provided ground and training systems. Ground System Operations are the activities of facilities, facility systems, ground support equipment, and associated software when the flight hardware is not present. These operations typically include validation of Ground Systems, preventative maintenance, and post launch refurbishment operations. Also, this element includes the operation of training systems, whether for system maintenance and validation, or for use to certify/train flight and ground operations personnel. For operations of Ground Systems when flight hardware is involved, see section 5.2 Ground Operations.

a)
The Contractor shall provide DRD CEV-O-005, Ground Systems Plans and Reports, Volume IV, Ground Systems Operations and Maintenance Plan for the facilities, facility systems, and ground support equipment provided by the CEV Contractor.

b)
The Contractor shall provide DRD CEV-O-005, Ground Systems Plans and Reports, Volume V, Ground Systems Sustaining Engineering Plan for the facilities, facility systems, and ground support equipment provided by the CEV Contractor.

c)
For flight operations training systems, defined in DRD CEV-O-006, CEV Flight Operations Plan, Volume IV, CEV Flight Operations Training Development and Support, the Contractor shall develop and deliver an operating, maintenance and sustaining engineering plan in accordance with DRD CEV-O-009, CEV Training Systems Plan, Volume IV, CEV Flight Operations Training Systems End Item Implementation Plan and Report.

d)
For ground operations training systems, defined in DRD CEV-O-003, CEV Ground Operations Plan, Volume II, Ground Operations Training, the Contractor shall develop and deliver an operating, maintenance and sustaining engineering plan in accordance with DRD CEV-O-009, CEV Training Systems Plan, Volume II, CEV Ground Operations Training Systems End Item Implementation Plan and Report. 

6.7
Storage

Ground and Training Systems Storage includes the development of plans for storage facilities for flight and ground systems and logistical spares provided by the CEV Contractor.

a)
The Contractor shall develop the planned approach, requirements, and implementation strategies identified in the DRD CEV-O-005, Ground Systems Plans and Reports, Volume III, Ground Systems Utilization Plan and Report, for the storage of flight and ground systems and logistical spares provided by the CEV Contractor.

b)
The Contractor shall develop the planned approach, requirements, and implementation strategies identified in the DRD CEV-O-009, CEV Training Systems Plan, Volume II and IV, CEV Ground Operations Training Systems End Item Implementation Plan and Report, and CEV Flight Operations Training Systems End Item Implementation Plan and Report, for the storage of training systems provided by the CEV Contractor. 

7
Flight Application of Spacecraft Technology (FAST)

Flight Application of Spacecraft Technology (FAST) is a contractor-conceived, NASA-approved effort intended as a significant step in reducing the risk(s) for the Contractor's proposed CEV concept. FAST will be designed to retire significant risk as identified by the Contractor's risk identification and mitigation process. The proposed test effort and the post test(s) reviews will be completed in support of CEV PDR.

The following is Section 7 relationship with respect to other Sections.

Sections 1.1.4, 1.1.8b, 1.1.8c, 1.1.8e, 1.1.9, 1.3, 1.4.1-1.4.4, 1.6, 1.7, and 2 through 6 shall not apply to Section 7.

7.1
FAST Definition

a)
The Contractor shall formulate a FAST test designed to retire a specified subset of the technical risk identified by the activities described in Section 1.1.5, Risk Management, and document this plan in DRD CEV-D-002, FAST Flight Test Plan.

b)
The Contractor shall specify the test range(s) to be used during the FAST effort, identify the range requirements for operations at the range, and specify the plan for compliance with the requirements in DRD CEV-D-003, FAST Test Range Compliance Plan.

c)
The Contractor shall conduct and support a FAST Definition Review with the NASA CEV Project Office. The NASA CEV Project Manager retains the approval to proceed authority for the test effort.

d)
The Contractor shall deliver the FAST Definition Review Data Package in accordance with DRD CEV-D-001, FAST Review Data Package. 

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-D-001: FAST Review Data Package

· DRD CEV-D-002: FAST Flight Test Plan

· DRD CEV-D-003: FAST Test Range Compliance Plan 

7.2
FAST Test Article Design Fabrication Test and Demonstration

This section describes the work necessary for the design, fabrication and test of the test article(s) required for FAST. It also includes the work associated with conducting the Flight Test(s).

a)
The Contractor shall design, fabricate and test the test article(s) appropriate for the approved test program.

b)
The Contractor shall conduct the test(s) as appropriate for the approved test program.

c)
The Contractor shall conduct pretest analysis and test necessary to validate models, requirements and system performance.

d)
The Contractor shall record the necessary test data during the flight test to determine conclusive results.

e)
The Contractor shall complete FAST and the final post flight report in support of CEV PDR. 

7.3
FAST Reviews

FAST Reviews consist of the work associated with preparing for and conducting the preflight reviews required for FAST.

a)
The Contractor shall perform safety reviews and coordinate with the range organizations so that personnel and hardware safety are maintained in accordance with the range requirements.

b)
The Contractor shall provide a schedule for and conduct the following reviews: The FAST Definition Review, the FAST Critical Design Review(s), FAST Flight Test Readiness Review(s), and FAST Post Flight Test Report(s).

c)
The Contractor shall provide the pretest analysis results, integrated ground test results, the analysis initial conditions, and vehicle design parameters necessary for NASA to conduct an independent analysis in accordance with DRD CEV-D-004, FAST Preflight Test Analysis Data Products.

d)
The Contractor shall implement and manage a Review Item Discrepancy control process to track closure of Contractor or Government identified issues throughout the design process.

e)
The Contractor shall deliver the FAST Critical Design Review Data Package in accordance with DRD CEV-D-005, FAST Critical Design Review Data Package.

f)
The Contractor shall support and conduct the FAST Critical Design Review(s).

g)
The Contractor shall deliver the FAST Flight Test Readiness Review Data Package in accordance with DRD CEV-D-006, FAST Flight Test Readiness Review Data Package.

h)
The Contractor shall support and conduct the FAST Flight Test Readiness Review(s) with the NASA CEV Project. The NASA CEV Project Manager retains the approval to proceed authority.

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-D-004: FAST Preflight Test Analysis Data Products

· DRD CEV-D-005: FAST Critical Design Review Data Package

· DRD CEV-D-006: FAST Flight Test Readiness Review Data Package 

7.4
FAST Post Flight Analysis, Review, and Report

This section describes the FAST post flight test analysis, documentation, and review(s) necessary to evaluate the relative success of the FAST Test in retiring the specified risk.

a)
The Contractor shall review the data recorded for the flight, analyze the data, determine the success of the test in retiring the specified risk, and document the results in accordance with DRD CEV-D-007 FAST Post Flight Test Report(s).

b)
The Contractor shall support and conduct a FAST Post Flight Test Review to present the findings documented in the FAST Post Flight Test Report.

Deliverables

The Contractor shall deliver and maintain the following document(s):

· DRD CEV-D-007: FAST Post Flight Test Report 
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