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This attachment establishes the CEV Project Work Breakdown Structure (WBS) and the framework for the Contractor WBS (CWBS).  The Constellation WBS defines the Level 1 CEV as element 4.1.8.  The CEV Statement of Work (SOW) is organized using the CEV Project WBS structure in this Attachment presuming the 4.1.8 Constellation prefix throughout.
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Dictionary

	WBS

Number
	Title
	Description

	4.1.8.1
	Program Management
	Program Management contains the efforts required for Program Management, Program Administration, Business Management, Contractor Management and Relationships, and Information Technology Management. This element also includes task efforts in managing Technical Reviews, Education and Public Outreach, and Special Studies required by NASA.

	4.1.8.1.1
	Program Management and Administration
	This element contains the efforts for planning, organizing, directing, coordinating, controlling, and approval processes used to accomplish overall Program objectives. This element includes being the primary interface to the Constellation program. It also includes expert planning support to the CEV, preparation of agreements with outside organizations, foreign travel, and technology transfer.

	4.1.8.1.1.1
	Program Management, Systems, Planning and Reporting
	This element includes the development of systems and processes required for the planning, organization, control surveillance and reporting of overall contract activities to ensure disciplined performance of work. This includes the efforts for development of a Program Management Plan to assure all systems and processes are adequate to complete all CEV Project safety, technical, schedule and cost objectives. 

	4.1.8.1.1.2
	Performance Management Reviews and Performance Metrics
	This element consists of the efforts for conducting monthly and quarterly Performance Management Reviews (PMRs) with the Crew Exploration Vehicle Program Office (CEVPO). This includes the efforts to define metrics indicating the level of success and quality of the execution of contract requirements and the status of the Contractor's performance against the performance standards contained within this contract 

	4.1.8.1.1.3
	Integrated Collaborative Environment
	This element is the effort to share, report, collect, record and access program information among NASA, CEV Contractor, major/critical subcontractors, associate contractors and authorized U.S. Government personnel connected with the CEV program. 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. 

	4.1.8.1.1.4
	Configuration Management/Data Management
	This element consists of the efforts to perform the configuration management and data management. This includes the CM efforts across all pertinent program elements such as modeling and simulation, manufacturing, operations, quality and acquired items.

	4.1.8.1.1.5
	Risk Management
	This element consists of the efforts to provide for a proactive decision-making process to continuously assess CEV program risks, prioritize risks, and implement strategies to mitigate and control those risks.  This element will be applied to all phases of the CEV Project as an integral part of program management.

	4.1.8.1.1.6
	Integrated Master Plan (IMP)
	This element consists of the efforts to manage the execution of the CEV using the IMP and it’s associated IMS (DRD CEV-M-005). The Integrated Master Plan (IMP) and Integrated Master Schedule (IMS) provide a systematic approach to program planning, scheduling, and execution.  A mutual understanding of what is required to successfully plan and execute the program is critical to the government industry team.

	4.1.8.1.1.7
	Integrated Master Schedule (IMS)
	This element consists of the 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.

	4.1.8.1.1.8
	Integrated Product and Systems Engineering and Integration Teams
	This element consists of the efforts to use a Systems Engineering and Integration Team (SEIT) to perform the overall integration of the efforts of the individual product IPTs. These efforts ensure communication among the teams and effective application of systems engineering principles to the development of the program's product.

In addition to the internal IPTs established by the Contractor to implement contract requirements, this element includes the efforts to provide representatives and respond to teams and working groups established external to the CEV program, and led by NASA and other Constellation Contractor teams.

	4.1.8.1.1.9
	Internal/External Program Review Support
	This element consists of the efforts to develop briefing materials and analyses for CEV meetings with various internal and external review groups, which may include groups like the Aerospace Safety Advisory Panel (ASAP), Inspector General/General Accounting Office (IG/GAO), Space Flight Advisory Committee (SFAC), and cost assessments teams.

	4.1.8.1.2
	Business Management
	This element includes efforts to lead and manage the business and resource control processes for the Program. Includes all Program resource planning and control activities, development and maintenance of the Program schedules, financial control, production of cost estimates, development and operation of the Program performance measurement and reporting system(s), earned value management system, etc. Includes: Master Schedules, Resource Mgmt, PP&C, Cost Reporting, MIS reporting, WBS Mgmt, Earned Value Assessments, and Export Control.

	4.1.8.1.2.1
	Financial Management
	This element is the effort to provide summary level cost reporting by fund source, Contract WBS, elements of cost and manpower including labor equivalent personnel (EP), overhead, and other direct and indirect costs.

	4.1.8.1.2.2
	Workforce Reporting
	This element consists of effort to report the workforce information by geographic location.

	4.1.8.1.2.3
	Cost Performance Reporting
	This element is the effort 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 project status information to the Constellation Program.

	4.1.8.1.2.4
	Integrated Baseline Review (IBR)
	This element is the effort to establish the baseline plan, cost and schedule risk, and the underlying management processes used for planning and controlling the project. 

	4.1.8.1.2.5
	Reserved
	RESERVED

	4.1.8.1.2.6
	Cost Analysis Data Requirements (CADRe)
	The element contains the effort to develop the Cost Analysis Data Requirement (CADRe) that 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.

	4.1.8.1.2.7
	Export Controls
	This element is the work to establish responsibility for and 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.

	4.1.8.1.3
	Contractor Relationships
	This element includes the effort to define and implement the Contractor relationships with the Constellation Systems Engineering and Integration Contractor and other Constellation contractors. Associate relationships may include need for data products of other Constellation contracts, the interrelationship of schedule information, or the impact due to a change in program requirements.

	4.1.8.1.3.1
	Associate Contracts
	This element consists of the efforts to establish relationships with other Constellation contractors, defined as associate contractor relationships.  This effort includes the establishment of formal guidelines to address coordination, cooperation and communication with associate contractors, including intra-company relationships.

	4.1.8.1.3.2
	Systems Engineering and Integration Contract
	This element consists of the efforts to establish a relationship with the Constellation Systems Engineering and Integration (SE&I) contractor.  NASA will enter into a separate contract for services to support the Constellation program office by performing SE&I. SE&I is defined per the Systems Engineering and Integration clause in Section H. The Constellation SE&I contract personnel engaged in the operational integration effort are authorized access to any technical and management information pertaining to this contract.

	4.1.8.1.3.3
	NASA Operations Integration Contract
	This element consists of the efforts to establish a relationship with the Constellation NASA Operations Integrator (NOI) Contractor.  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 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.  

	4.1.8.1.4
	Technical Reviews
	This element includes the effort to participate in NASA Constellation reviews and implement the defined set of Phase 1 reviews. The element includes demonstration of review objectives, entrance and exit criteria to, development and presentation of data, responses to Review Item Discrepancies (RIDs) generated by NASA authorized reviewers, and implementation of actions resulting from RIDs.

	4.1.8.1.4.1
	System Requirements Review (SRR)
	This element includes the effort to participate in the NASA Constellation SRR as well as developing and presenting required data. The element includes baseline of performance system requirements for the CEV and Launch Vehicle, documentation of External Interface Requirements Documents (EIRDs) for the Constellation systems external to CEV, Establishment of the initial Constellation integrated system verification and approach, and Validation by the Contractor that the Systems of Systems requirements allocated to the CEV and the EIRDs can be met.

	4.1.8.1.4.2
	System Definition Review (SDR)
	This element includes the effort to conduct the 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.  It includes the documentation of the preliminary functional architecture and system design consistent with the results of the SRR.

	4.1.8.1.4.3
	Preliminary Design Review (PDR)
	This element includes the effort to conduct CEV system-level and subsystem-level PDRs that demonstrate that 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.  It includes the preliminary design of each configuration item and performance, cost, schedule, and risk for each item and the system as a whole is balanced.

	4.1.8.1.4.4
	Integration Reviews
	This element includes the effort to support the planning and execution of integrated System-of-System reviews conducted by the Government. It also includes the effort to 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).

	4.1.8.1.5
	Information Technology Management
	This element consists of implementing Information Technology requirements for the Program including 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.

	4.1.8.1.6
	Education and Public Outreach
	This element includes the development of the Education and Public Outreach portion of the CEV program. Provide for the EPO responsibilities in alignment with NASA’s Strategic plan for Education. Includes management and coordinated activities, formal education, informal education, public outreach, media support, and web site development.

	4.1.8.1.7
	Special Studies
	This element consists of the efforts to accomplish any special studies or analyses requested by NASA through the Contracting Officer.

	4.1.8.2
	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.

	4.1.8.2.1
	Crosscutting Systems Engineering and Integration Development Activities
	This element includes cross-cutting Systems Engineering and Integration Development activities to provide consistency across all aspects of the CEV System development efforts. All requirements contained here are applicable to the development efforts described in Elements 4.1.8.2.2, 4.1.8.4, and 4.1.8.6 of this WBS.

	4.1.8.2.1.1
	Systems Engineering Management
	This element consists of the efforts to lead the CEV's overall system architecture definition and engineering functions including the interfaces with external Constellation Systems.

	4.1.8.2.1.2
	Simulation Based Acquisition
	This element consists of the effort to support development of 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 substantially reduce the time, resources, and risk associated with the entire acquisition process, increase the quality, operability, and supportability of a system while reducing total ownership costs throughout the total life cycle, and 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 SBA capability to support the development of the CEV System and its integration with the Constellation System of Systems.

	4.1.8.2.1.3
	Technology Insertion Planning
	This element 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.

	4.1.8.2.1.4
	Software Engineering
	This element includes all aspects of software production from the early stages of system specification all the way 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 on-board firmware, ground software, and test software.

	4.1.8.2.1.5
	System Analysis, Trade Studies, and Control
	This element 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.

	4.1.8.2.1.6
	Integrated Logistics Support Planning
	This element consists of the work required to develop concepts, requirements and plans for maintenance and logistics for CEV program supportability. This includes life cycle plans for design-in-supportability, hardware processing and definition of logistics support resources.

	4.1.8.2.1.7
	Systems Test Verification and Certification
	The element 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 (TBD).

	4.1.8.2.1.8
	Human Engineering
	The element consists of the work required to plan and design the System for use by humans during operations and maintenance.

	4.1.8.2.1.9
	Specialty Engineering
	This element is the work to apply the specialty engineering disciplines of materials and processes, electromagnetic compatibility, EEE parts, and environments to the CEV System.

	4.1.8.2.1.9.1
	Materials and Processes
	This element provides for spacecraft M&P support for the spacecraft design and implementation phases, including: oversight into M&P efforts and the review and assessment of the subsystems' M&P listing to ensure that proper materials and processes are selected and used for flight HW.

	4.1.8.2.1.9.2
	Electromagnetic Compatibility
	This element ensures the design, development and delivery of a CEV System that is electromagnetically compatible with all subsystems and equipment within the CEV System and with environments caused by electromagnetic effects external to the System. CEV System 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 CEV Systems, CEV Systems shall be compatible with the intended use of these CEV System volumes.

	4.1.8.2.1.9.3
	Electrical, Electronic, and Electromechanical (EEE) Parts
	This element includes the development, and implementation of a 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.

	4.1.8.2.1.9.4
	Environments
	This element determines 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.   It also includes derivation and control of 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 Environment Design Data Book.

	4.1.8.2.1.10
	Crew Survival
	This element includes the effort to develop the capabilities (e.g., abort, escape, emergency egress, safe haven, and rescue) intended to maintain crew life in the presence of imminent catastrophic conditions. It also includes the work required to plan, implement, and assess the crew survivability of the CEV System.

	4.1.8.2.2
	Systems Requirements Development and Integration
	This element 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 Systems.

	4.1.8.2.2.1
	System of Systems Integration
	This element provides the liaison interface between the CEV System and all other Constellation 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. This element includes integration with the Constellation System Engineering and Integration, associate contractors, and NASA Operations Integrator to design, develop, and test an integrated CEV System.

	4.1.8.2.2.2
	Requirements Definition and Management
	This element includes the work necessary to validate CEV System requirements and interface requirements and properly allocate them to the Spacecraft and Ground Systems.

	4.1.8.3
	Safety and Mission Assurance
	Safety and Mission Assurance includes integration of Safety and Mission Assurance into the CEV System design, development, risk identification and mitigation, test, ground and flight operations, and ground processing activities.

	4.1.8.3.1
	System Safety
	This element provides the technical and management effort necessary to ensure the overall safety and protection of flight and ground personnel, general public, flight/ground hardware, software and facilities through all phases of the project, including oversight of contracted efforts. This element includes Identification and generation of Project Hazard Fault Trees, Hazard analysis Reports, Hazard Mitigation and Controls, safety data packages and support the Program Safety Review Process.

	4.1.8.3.2
	Industrial, Environmental, and Range Safety
	This element includes the efforts necessary to ensure that occupational (industrial) safety and health, environmental assurance function and test range safety for all aspects of the CEV Project are accomplished.

	4.1.8.3.3
	Reliability, Maintainability, and Supportability (RMS)
	This element includes the activities to define, develop, and implement RMS tasks as an integral part of the design, development, test, evaluation, and operations processes.

	4.1.8.3.4
	Hardware Quality Assurance
	This element includes the technical and management efforts to define, develop, and implement Quality Assurance requirements and processes as an integral part of the CEV System life cycle.  It also includes efforts to 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 system.

	4.1.8.3.5
	Software Assurance
	This element includes the technical and management efforts to 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.  It also includes the effort to demonstrate that test plans, requirements, preliminary design procedures, and results assure the implementation of software requirements.

	4.1.8.4
	Spacecraft
	Spacecraft includes the total design, development, production, assembly, test, and certification efforts to deliver the completed Spacecraft for integration with the launch vehicle.

	4.1.8.4.1
	Spacecraft Systems Engineering
	This element 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.

	4.1.8.4.1.1
	Requirements Definition and Management
	This element includes the work necessary to produce, allocate, and validate the requirements from the spacecraft level down to the component level and all interfaces between each level of requirements.

	4.1.8.4.1.2
	Spacecraft Integration Planning
	This element is the work required to define and manage the internal spacecraft interfaces.

	4.1.8.4.1.3
	Spacecraft Test, Verification and Certification Planning
	This element is the work required to verify by simulation, analysis and/or test that all CEV requirements are verifiable and have been satisfied.

	4.1.8.4.1.4
	Spacecraft Specialty Engineering
	This element is the work required that applies the specialty engineering disciplines of aerosciences and instrumentation to the spacecraft.

	4.1.8.4.1.4.1
	Aerosciences
	This element covers aerodynamics (forces and moments) and aerothermodynamics (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.

	4.1.8.4.1.4.2
	Instrumentation
	This element defines the collection and processing of vehicle transducer and sensor information and vehicle health monitoring data specified by other subsystems for use on the vehicle and ground.

	4.1.8.4.1.4.3
	Mass Properties
	This element contains the definition, control and verification of mass properties and growth allocation and depletion at the vehicle, subsystem and component levels is 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 CTS interface loads, propulsive performance and control authority during all mission phases.

	4.1.8.4.1.4.4
	Micrometeoroid and Orbital Debris (MM/OD) Analyses
	This element is the work required to assess the 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.

	4.1.8.4.1.4.5
	Radiation Analyses
	This element consists of analyses 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.

	4.1.8.4.2
	Spacecraft Subsystems
	This element includes the equipment, data, services and facilities required to design, develop, produce, and test up through certification and acceptance, a CEV that meets all CEV system level and external interface requirements. Spacecraft systems development include subsystem requirements generation and allocation to the component level; design and development of breadboards, engineering, qualification, and acceptance test equipment and facilities, spacecraft wiring, flight hardware, spares, and flight and ground software; and subsystem test and integration.

	4.1.8.4.2.1
	Avionics
	This element is the effort to design, and plan for the development and test of the software, computers and other electrical and electronic equipment that monitor and control the CEV's subsystems. The avionics subsystem includes the hardware and software components that make up the following functions: flight software, systems management, Command & Data Handling (C&DH), Communications & Tracking, instrumentation, computer Displays & Controls (D&C), and all interfaces needed to control external interfaces.

	4.1.8.4.2.1.1
	Flight Software
	This element is the effort to design, and plan for the development and test of the software that comprises all avionics subsystems, including systems management, Command & Data Handling (C&DH), Communications & Tracking (C&T), instrumentation, and crew interfaces, and the application software for all other subsystems. Flight software includes software that is developed from scratch, software that it is reused from another program, and software that is purchased (i.e., operating systems, computer drivers, etc.). 
Systems Management software consists of Integrated Vehicle Health Management (including automated vehicle-level Fault Detection, Isolation and Recovery (FDIR), troubleshooting, and prognostication) and Onboard Resource Management (including redundancy, power, data, thermal, and other finite items).

	4.1.8.4.2.1.2
	Command and Data Handling (C&DH)
	This element is the effort to design, and plan for the development and test of the data processing and computing resources including processors, memory, input/output devices, data multiplexers/ demultiplexers, mass storage devices, inter-computer time-synchronization devices, and networking equipment.
The CEV Instrumentation collects and processes vehicle transducer and sensor information and vehicle health monitoring data specified by other subsystems.

	4.1.8.4.2.1.3
	Communications and Tracking (C&T)
	This element is the effort to design, and plan for the development and test of the space to ground and space-to-space communication links, RF/Optical tracking devices (excluding navigational aids), and audio and video equipment.

	4.1.8.4.2.1.4
	Displays and Controls
	This element is the effort to design, and plan for the development and test of the crew 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 Element 4.1.8.2.1.8, Human Engineering.

	4.1.8.4.2.2
	Electrical Power Subsystem
	This element is the effort to design, and plan for the development and test of the power generation, energy storage and electrical power distribution and control.

	4.1.8.4.2.3
	Mechanisms
	This element is the effort to design, and plan for the development and test of 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.

	4.1.8.4.2.4
	Passive Thermal Control and Thermal Protection System
	This element is the effort to design, and plan for the development and test of those systems that protect the vehicle from thermal environmental extremes during all mission phases including ascent, on-orbit, and entry.

	4.1.8.4.2.5
	Structures
	This element is the effort to design, and plan for the development and test of the primary structure, secondary structure, and all structural components of vehicle equipment, including loads, dynamics and stress analysis.

	4.1.8.4.2.6
	Propulsion
	This element is the effort to design, and plan for the development and test of 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, de-orbit, entry, and landing activities are included in this subsystem.

	4.1.8.4.2.7
	EVA Support Systems
	This element is the effort to design, and plan for the development and test of EVA support systems including suit/umbilical interfaces, airlock or vehicle depressurization/repressurization system interfaces, support of the computer displays and 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).

	4.1.8.4.2.8
	Environmental Control and Life Support (ECLS), Crew Health and Habitation
	This element is the effort to design, and plan for the development and test 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 air

* 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, processing, preparation and storage

* Environmental monitoring

* Medical systems (including crew health and countermeasure systems) 

* 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, illumination systems, crew relaxation and entertainment systems, inventory systems, etc.)

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

	4.1.8.4.2.9
	Pyrotechnics
	This element is the effort to design, and plan for the development and test of 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.

	4.1.8.4.2.10
	Recovery Systems
	This element is the effort to design, and plan for the development and test of the 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.

	4.1.8.4.2.11
	Guidance, Navigation, and Control (GN&C)
	This element is the effort to design, and plan for the development and test of the Guidance, Navigation, and Control (GN&C) subsystem. This includes analysis of the requirements levied on the GN&C system and derivation of GN&C requirements levied on other subsystems. It contains component descriptions, equations, logic, interface descriptions, and execution requirements. It also provides a description of the database (input) used to design the GN&C system, trade studies performed, error budgets allocated and/or determined, performance and margin analyses, operational envelope and system limitations. The GN&C subsystem also includes the hardware for navigation sensors and specialized control devices (i.e., Control Moment Gyros (CMGs)).

	4.1.8.4.2.12
	Wiring
	This element is the effort to design, and plan for the development and test of the wiring harnesses and optical cabling for 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 element 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. This element also includes the effort to design, and plan for the development and test of all grounding, shielding, circuit protection and circuit isolation provisions needed for the safe operation of the CEV in its development, test and operational environments.

	4.1.8.4.2.13
	Abort/Escape System
	This element includes the efforts to develop requirements, perform vehicle level trades, and preliminary design for all spacecraft Abort/Escape Systems.  The element 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.

	4.1.8.4.3
	Spacecraft Subsystem Integration and Test
	This element is the integration and testing activities of the subsystems identified under Element 4.1.8.4.2, 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.

	4.1.8.4.4
	Spacecraft and Subsystem Flight Testing
	The element 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 Element 4.1.8.4.2, Spacecraft Subsystems, that can not be executed cost-effectively on the ground, and to validate CEV System requirements.

	4.1.8.4.5
	Spacecraft Assembly, Integration, and Production
	This element consists of all activities needed to produce an integrated, verified, validated, and accepted vehicle

	4.1.8.5
	Operations
	Operations encompasses the work required to develop 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.

This element includes the effort to develop an overall concept of operations, and plans for detailed ground operations, detailed flight operations, considering operations during design, range safety, training, and transition.

	4.1.8.5.1
	Operations Considerations During Design
	This element captures the work necessary to establish operations requirements and 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.

	4.1.8.5.2
	Ground Operations
	This element includes providing (1) plans for CEV stand-alone ground operations where the activities involve the CEV system and (2) requirements for integrated ground operations where the activities involve the spacecraft with other Constellation flight elements.

	4.1.8.5.2.1
	Ground Processing
	This element includes activities performed to prepare the personnel, ground systems, and flight vehicles during preflight operations. It includes the planning associated with all work conducted at the launch site prior to beginning the launch operations.

	4.1.8.5.2.2
	Launch Operations
	This element consists of development of requirements, plans, processes and schedules to prepare the ground systems, CEV, and the CEVLV for launch, and ultimately launch. 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.

	4.1.8.5.2.3
	Postlanding Operations
	This element includes the activities required to plan, deploy, prepare the landing sites and landing aids for the flight vehicle, aid crew egress and transport, perform medical/emergency operations, safe flight hardware, and transport/retrieve appropriate parts of the flight system.

	4.1.8.5.3
	Flight Operations
	This element includes the effort to develop 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 and operational flights.

	4.1.8.5.3.1
	Flight Design, Analysis and Planning
	This element includes the effort to develop 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.

	4.1.8.5.3.2
	Integrated Flight Products and Procedures
	This element includes the effort to develop plans, processes, and schedules required for integrated test 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.

	4.1.8.5.3.3
	Flight Operations Execution
	This element includes the effort to develop plans, processes, and schedules required for the integrated test 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

· 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. 

	4.1.8.5.4
	Range Safety
	This element includes the technical and management efforts to coordinate, develop and prepare the procedures for incorporation of and compliance with range safety requirements during preparation and execution of CEV test and operational flights from US airspace and ranges. This includes coordinating meetings and reviews with range safety personnel and the CEV development IPT personnel. It also includes coordinating range safety support to hazardous activities at the launch and flight test sites, launch operations, and hazards analysis for the launch/ascent phase and, if required, the descent/landing phase.

	4.1.8.5.5
	Training
	This element includes the effort to develop plans, processes, and schedules required to train and certify ground operations personnel engaged in the inspection, test, checkout, maintenance, and operations of all assigned flight hardware, GSE, facilities, facility systems, and equipment to support the preflight processing, launch, and recovery operations of the CEV system. This element also includes the 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 operations of the CEV system

	4.1.8.5.6
	Transition Planning
	This element 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.

	4.1.8.6
	Ground and Training Systems
	Ground and Training Systems includes the effort to develop requirements, preliminary designs and plans for the development and test of facilities, hardware and software to support ground and flight operations.  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.  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.

	4.1.8.6.1
	Systems Engineering
	This element 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, ground and flight operations.

	4.1.8.6.2
	Facilities and Facility Systems
	This element includes development of preliminary plans and designs needed for CEV System-unique or stand-alone ground and flight operations.  Facilities and facility systems encompasses stand-alone processing facilities, control rooms, landing and recovery facility systems and other monitoring systems.

	4.1.8.6.3
	Ground Support Equipment
	This element includes development of 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.

	4.1.8.6.4
	Training Systems
	This element includes development of 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.

	4.1.8.6.5
	Assembly, Integration, Test and Production
	This element 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.

	4.1.8.6.6
	Operations, Maintenance and Sustaining Engineering
	This element includes 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.

	4.1.8.6.7
	Storage
	This element includes the development of plans for storage facilities for flight and ground systems and logistical spares provided by the CEV Contractor.

	4.1.8.7
	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 Contractors proposed CEV concept. FAST will be designed to retire significant risk as identified by the Contractors risk identification and mitigation process. The proposed test effort and the post test(s) reviews will be completed in support of CEV PDR.

	4.1.8.7.1
	FAST Definition
	This element consists of the development a risk mitigation flight test effort designed to retire a specified subset of the risks identified by the CEV Project Risk Management activity.  Risk Mitigation Flight Test effort also includes establishing reviews and a test range compliance plan.

	4.1.8.7.2
	FAST Test Article Design Fabrication Test and Demonstration
	This element includes 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 FAST flight test(s).

	4.1.8.7.3
	FAST Reviews
	This element consists of the work associated with preparing for and conducting the preflight reviews required for FAST.

	4.1.8.7.4
	FAST Post Flight Analysis, Review and Report
	This element includes FAST postflight test analysis, documentation, and review(s) necessary to evaluate the relative success of FAST in retiring the specified risk.
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