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1 Introduction
The Altair Project Office, located at the Johnson Space Center in Houston, Texas, was established by the Constellation Program Office (CxPO) to manage, design, develop, and integrate the lunar lander vehicle enabling crewed and cargo missions to the Moon.

Accordingly, this contract will provide the necessary resources to conduct NASA directed engineering tasks in support of evaluating vehicle conceptual designs, maturing the vehicle design, and reviewing the products for System Requirements Reviews (SRR) and System Defintion Review (SDR). Tasks include the definition, analysis, assessment, engineering study and documentation of operations concepts, technical and programmatic requirements and processes, manufacturability and operability, and system implementations in support of NASA-led activities. The results of these tasks will be provided to the Government.  These tasks will require working with the Constellation Program and Project Offices, other NASA Centers, and other contractor organizations that are part of this contract. All decision-making is solely the responsibility of the Government.
Contractors will perform individual work tasks as part of a joint NASA-contractor Integrated Product Team (IPT).  Within each IPT, the contractor’s role will be peers with NASA technical staff and other contractors.  Each IPT will be led by NASA.    The Contractor shall work tasks independently or in concert with other Contractors as assigned by the Government.  In some cases, the same task may be assigned to multiple Contractors to produce independent results.  Contractors will also provide resources to support the NASA Altair management team.
The work under this contract will be performed within the organizational structure of the Altair Project Office, using the “Analysis Cycle” work process.  Attachment J-6 details the organizational structure of the Altair Project and the Analysis Cycle process.  The sections below expand on IPT and management resources, Analysis Cycles, Program and Project Milestones and contract deliverables.

2 Contractor Work Scope
The deliverables in this contract consist of both Analysis Cycle Summary Reports and Milestone Summary Reports, as detailed in Attachment J-1.  Each deliverable is comprised of multiple products and evaluations completed during either an analysis cycle or the timeframe leading to a milestone review.  Each product or evaluation is the result of individual tasks assigned to the contractor.  The contractor shall complete these tasks by working collaboratively with the NASA team by providing technical resources to the Altair IPTs and providing experienced management and engineering resources to the Altair management, described in Attachment J-6.  Key management resources consist of a Senior System Engineer, a Contractor Project Manager, a Senior Project Integration Engineer and a Senior Vehicle Engineer.  These key personnel shall work closely with the NASA leadership to execute initial tasks and to plan/execute future tasks, including changes made via the Technical Direction clause in section G.3 of this contract.  The contractor shall support and participate in all analysis cycles over the span of this contract by either producing or evaluating key products at both the project and IPT levels.  The contractor shall maintain skills flexibility in their workforce from analysis cycle to analysis cycle as it is expected the work content may change as results from one analysis cycle feeds the planning of the next.  In addition to the analysis cycles, there will be key Program/Project reviews for which the contractor team shall also produce or evaluate products.  The expected reviews are the Program System Requirements Review (SRR), Project SRR, and Project System Definition Review (SDR).  The contractor shall provide resources with the full breadth of disciplines required for the conceptual/preliminary design and milestone review product generation of a Lunar Lander.  Although contractors will be requested to assess requirements documents, NASA retains sole responsibility for their development and content.  At the end of each analysis cycle or milestone review, the contractor shall generate a summary report of their work content.  NASA will evaluate each summary report and provide feedback to the contractor in accordance with JSC Procurement Instruction 42.1503.  
There will be multiple Altair Conceptual Design Contract (ACDC) contractors.  Selected contractors shall provide resources to IPTs and NASA leadership; these resources will work collaboratively with those from other contractors and NASA.  NASA will utilize the Technical Direction Clause (see Clause G.3) to establish detailed assignments to the contractors.
2.1 Integration of Contractor Effort Within the Altair Project Structure

Contractor resources shall map to the Altair Project on three levels – within the IPTs, at the Project Integration/Vehicle Engineering level, and at the Project management level.

The contractor shall perform work in collaboration with Altair civil service personnel and other contractors in Integrated Product Teams (IPTs), as outlined in the Associated Contractor Agreements (Clause H.8).  The contractor shall lead or support IPT tasks as assigned by the NASA Altair management team.   Each IPT focuses on a particular technical specialty, so the majority of contractor support shall include technical specialists in spacecraft subsystems, system engineering, vehicle configuration, flight mechanics, manufacturability and operations.  Additionally, contractor senior vehicle engineers and systems engineers shall support the Altair Vehicle Engineering and Project Integration functions, including a consultative capacity to Altair’s Vehicle Engineering and Project Integration leads.  The contractor shall also support Altair’s management team with an experienced chief systems engineer.  These three levels of support are illustrated in Figure 1. 

Figure 1: Contractor support mapped to the Altair Project structure
Working within the structure above, the Contractor shall produce two distinct types of deliverables, Analysis Cycle Summary Reports and Milestone Summary Reports.  These reports shall be contract deliverables and shall serve as the basis for approving contractor payment for that work period. It is estimated that Analysis Cycles will run on six (6) month intervals, with a total of three (3) analysis cycles within the base period of the contract and four (4) analysis cycles in the option period.   In addition there are three (3) milestones requiring support, Program SRR, Project SRR, and Project SDR with summary report deliverables associated with each. Milestone review dates are subject to change, but currently the Program SRR and Project SRR fall within the base period of this contract, and the Project SDR falls within the first option period. Therefore a total of ten (10) deliverables will be associated with this contract (including all option).

2.2 Management Resources
The contractor shall supply key personnel resources to work collaboratively with the NASA Altair management team.  
2.2.1 Senior Systems Engineer 

The Contractor shall provide a highly experienced technical expert in systems engineering to the Altair management team.  This resource shall interface with the Altair Project Manager and may participate in the Altair Project Control Board.  The responsibility of this resource is to provide Altair management with significant breadth and depth of experience in human space vehicle design and development.  This resource will be referred to as the Senior Systems Engineer (SSE).
2.2.2 Contractor Project Manager 

The Contractor shall provide an experienced project management resource to the Altair management team.  This resource shall be the most senior interface to the Altair Project Manager and shall participate in the Altair Project Control Board.  The responsibilities of this resource shall include:  overall management of the contractor team, ensuring an integrated contractor product,  and managing Integrated Product Team (IPT) resources.   This resource shall be referred to as the Contractor Project Manager (CPM).
2.2.3 Senior Project Integration Engineer

The Contractor shall provide a primary interface to NASA’s Altair Project Integration (PI) Lead.  This resource shall work with both the Project Integration Lead and NASA’s Altair Vehicle Engineer (VE) Lead to refine and prioritize analysis cycle tasks needed for NASA to identify, mature, and validate Lunar Lander requirements.  The NASA Project Integration Lead will define the products and evaluations the contractor is expected to work on for given analysis cycle. The responsibility of this resource shall be to assign and manage the resources necessary to produce the required products and evaluations for the Project Integration Team.  This resource shall be referred to as the Senior Project Integration Engineer (SPIE).
2.2.4 Senior Vehicle Engineer

The Contractor shall provide a primary interface to NASA’s Altair Vehicle Engineering (VE) Lead.  This resource shall work with both the VE Lead and NASA’s Altair PI Lead to refine and prioritize analysis cycle tasks needed to mature the lander design.  The NASA VE Lead will define the products and evaluations the contractor is expected to work on for a given analysis cycle.  The responsibility of this resource shall be to assign and manage the resources necessary to produce the requested products and evaluations for the Vehicle Engineering Team.  This resource shall be referred to as the Senior Vehicle Engineer (SVE).
2.3 IPT Staffing

Technical work will be accomplished during both Analysis Cycles and the time periods leading up to Milestone Reviews, and shall be documented in Analysis Cycle Summary Reports and Milestone Summary Reports.  During these blocks of work, the contractor shall provide resources to individual IPTs that will accomplish individual assigned tasks.  Tasks will be assigned to IPTs, and to specific contractor resources within each IPT, via Technical Direction from the COTR.  Each IPT will be led by a NASA civil servant, and the contractor has the responsibility to both complete the assigned work and to report results to the NASA IPT lead.

Details of specific Analysis Cycles and Milestones will dictate which IPTs require contractor resources.  It is likely that the contractor will not be required to provide resources to all IPTs in every analysis cycle, but shall be prepared to provide resources to each IPT at some time during the contract period.  The level of resources assigned to each IPT shall be appropriate for the activities and deliverables for each IPT during a given analysis cycle or milestone review period. The level of resources may vary from a fraction of a FTE to multiple FTEs.  The contractor shall provide resources with the appropriate skills and capabilities for staffing each of the IPTs below.

2.3.1 Vehicle Engineering

Vehicle Engineering (VE) consists of both subsystem IPTs as well as spacecraft integration and integrated performance IPTs.  It is estimated that the majority of the contract effort will be used within the Vehicle Engineering IPTs.  Descriptions of the breadth of work that may be performed within the individual VE IPT functions, and assigned to contractors via Technical Direction, follow in the sections below.  In addition to the responsibilities described in the individual IPT descriptions below, VE will task resources from multiple IPTs to conduct studies related to overall vehicle configuration and both internal and external integrated vehicle trades including staging strategy, orbital altitude and attitude, commonality with other Constellation elements, and use of expended assets.  
2.3.1.1 Structures & Mechanisms

This IPT is responsible for the design and analysis of all structural (primary and secondary) components and mechanisms.  The structures role includes the definition of requirements including the specification of appropriate factors of safety. It also includes the development of structural design concepts including CAD models and mass properties. This IPT develops analysis models, and helps define manufacturing processes and test methods.  Important activities include: 1) prediction of loads and stresses to ensure sufficient structural strength, 2) prediction of dynamic loads, natural frequencies, and modes of vibration, 3) prediction of stiffness and displacements, 4) analysis of landing forces, dynamics, and stability, 5) identification of likely causes of failures, 6) selection of materials, and 7) fracture control analyses. The mechanisms group within this IPT is responsible for the effort to design and analyze vehicle.  The mechanisms typically include movable or separable joints actuated electromechanically, pyrotechnically, or by direct human interaction. This includes landing gear elements, module and umbilical separations, and deployment mechanisms for assets such as radiators and antennas.  This IPT also conducts trade studies of alternative structural systems and structural configurations.
2.3.1.2 Propulsion

This IPT provides analysis and design of the spacecraft subsystem that provide propulsive thrust for all trajectory maneuvers and vehicle attitude control, including translunar correction; lunar orbit insertion; powered descent, approach and landing; and lunar surface ascent. It includes all components and assemblies necessary to perform those functions from the fluid fill connection to the nozzle exit, including cryogenic and hypergol propellant thermal management, non-structural tanks, piping, liquid propellant rocket engines, and instrumentation.  This IPT also supports trade studies of alternative propulsion systems, propellant combinations and engine types, and use of residual propellants post landing.  The Propulsion IPT ensures integration of the propulsion system as a complete functional system, including integration to other vehicle subsystems, ground operations, and other architecture elements. 
2.3.1.3 Power

The Power is responsible for the design and analysis of the spacecraft systems that generate, store, and safely deliver electrical power to all subsystems in the Altair spacecraft. This IPT is also responsible for the design and definition of external spacecraft interfaces that accept and distribute electrical power from external power sources, such as ground systems, Earth departure stage (EDS), Orion, and lunar surface systems (LSS). Tasks include quantifying the electrical power requirements of the vehicle, specifying and designing power sources (fuel cells, batteries), specifying energy storage systems (reactant tanks), and specifying power management and distribution hardware, including primary and secondary power cabling. This IPT supports trade studies of alternative power generation and distribution systems, power transfer with other Constellation elements (EDS, Orion, Lunar Surface Systems, and Ground Ops), and scavenging of propellant residuals for use as fuel cell reactants. 

2.3.1.4 Life Support

The Life Support IPT is responsible for the design and analysis of the life support system and its interfaces.  The Altair life support system controls the environment of habitable volumes (crew cabin, airlock) for the crewmembers within certain health standards, including control of temperature, total pressure, oxygen, nitrogen, humidity, carbon dioxide, trace gas levels and odors, and particulates in the air or breathing gas.

The life support system also provides gas and liquid consumables (air, water, but not usually food) for the crewmembers.   Depending on how interfaces are negotiated and defined, the life support system may also be responsible for conditioning those supplies, such as heating or cooling water, but often a separate crew equipment group manages that to best integrate with the hygiene, housekeeping, or other systems that need the resource.  The Life Support IPT is responsible for analysis of utilizing residual propellant for life support needs.  The life support system is generally also responsible for providing the consumables and working fluids to space suits, such as breathable gas or cooling fluid for support via umbilicals while in or near the vehicle, or providing water and oxygen for use in the suits and their portable life support systems (PLSSs) for activities away from the vehicle.  The life support also provides consumables such as oxygen or water to medical equipment or systems.  

The life support system also manages metabolic wastes from the crewmembers (carbon dioxide, respiration and perspiration, urine and feces) to contain and control (including odor control), or dispose of them in a safe manner.  The life support system collects thermal loads from the cabin air or other breathing gas heat exchangers, and transfers that heat to the thermal system, which rejects heat from the vehicle.  The life support system also monitors the environment for off-nominal conditions such as smoke and fire detection and other trace gas or particulate release or accumulation events.  The Life Support IPT is also responsible for the systems that provide a survivable environment for the crew in these emergency situations, including fire suppression and emergency breathing gases or masks for the duration of the event.   

2.3.1.5 Thermal

The thermal IPT is responsible for design and analysis of all items that provide temperature control for all components within the spacecraft, including both active and passive thermal analysis and design.  The Thermal IPT includes the definition of thermal attributes applicable to other IPTs, heater and insulation sizing, passive heat gains/losses calculations, pumped fluid loop analysis, coating selection, component sizing, selection of thermal control hardware and performing thermal architecture trade studies.
2.3.1.6 Guidance Navigation & Control (GN&C)

The GN&C IPT leads the analysis and design of hardware and software components that support both the attitude estimation and control functions of Altair in all mission phases. These mission phases specifically include propulsive ∆V burns, stabilization of Altair after separation events, translational and angular rate change control, identification and avoidance of terrain hazards, and rendezvous, proximity operations, docking and undocking operations. The GN&C IPT performs engineering analyses to determine both sensor and actuator specifications, and performs trade studies to determine GNC software and fault-protection software.  Additionally, the GNC IPT is responsible for Altair navigation (providing  trajectory knowledge and flight path control, and for deriving trajectory solutions using data sources that include DSN (Deep Space Network) radiometric tracking, IMU,  RADAR, LIDAR, optical navigation sensor tracking of celestial objects and landmarks, and lunar in-situ radiometric tracking from the Lunar Network and Orion.  The GNC IPT also participates in mission design including the de-orbit transfer, powered descent/landing, powered ascent and docking by developing guidance algorithms that meet the delivery requirements for landing and lunar orbit insertion.  For piloted Altair missions, the GNC IPT will ensure sufficient and effective navigation and attitude information and the associated vehicle control capability is made available for ‘pilot-in-the-loop’ manual control of selected critical tasks (e.g., lunar landing and docking with Orion).  

2.3.1.7 Command & Data Handling (C&DH)

The C&DH IPT leads the design and analysis 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 and displays and controls integrated into the spacecraft. The Altair instrumentation collects and processes vehicle transducer and sensor information and vehicle health monitoring data specified by other subsystems for use in flight and on the ground. The instrumentation hardware handling signal processing is considered part of the C&DH IPT. Sensors used within another subsystem’s firmware controller are considered part of that IPT.
2.3.1.8 Communications & Tracking

The C&T IPT provides the design and analysis of the communications and tracking resources including RF antennas, RF radios, RF amplifiers, communications signal processors, audio, and video equipment integrated into the spacecraft.  This IPT is also responsible for analysis of 

coverage, tracking, data rates, link margins, and bandwidth, and for defining C&T interfaces with Orion, Ares V, ground and mission operations.
2.3.1.9 Flight Software

The Flight Software IPT is responsible for the design and analysis of the functional requirements and the basic architecture construct of the flight software.  This IPT addresses topics such as the degree of centralization and distributed computing, split of responsibilities between software and firmware, effects of C&DH architecture on the software architecture, strategies for partitioning, CPU and memory resource estimation and allocation, and strategies for minimizing the total number of lines of code.  

2.3.1.10 Production, Manufacturing, Assembly, and Supportability Engineering

This IPT is responsible for assessing the integrated vehicle manufacturing processes, facilities, and assembly process details, as well as vehicle produceability.  The IPT will analyze manufacturing approaches and industry capabilities, assembly and handling, tooling and operations, design, test and integration, and supportability.  The IPT will also be responsible for materials and processes analyses.  The IPT will utilize accepted methods for evaluating these capabilities (e.g. life cycle cost analyses).  Initially, the subsystem IPTs will be accountable for the assessment of manufacturability at the component level.  This IPT may not be staffed until later analysis cycles and will assess vehicle level manufacturing impacts on the design.

2.3.1.11 Mass Properties

The Mass Properties IPT is responsible for maintaining the Master Equipment List (MEL) of all vehicle components, delineated by module and mission.  In addition, the Mass Properties IPT calculates and reports vehicle mass properties (mass, moment and product of inertia) for individual modules and the overall lander / CEV stack throughout all mission phases.  The Mass Properties IPT is responsible for managing and reporting mass threats and opportunities and also works with each subsystem to determine an appropriate reserve strategy.  The Mass Properties IPT has the responsibility of maintaining and publishing an integrated vehicle schematic and for leading various integrated vehicle studies as required. Interaction is required with each subsystem during schematic development to accurately reflect interfaces. At the completion of every design cycle the team gathers updated subsystem schematics and combines them into a single, integrated vehicle schematic; at which point the schematic and MEL are verified to match and accurately reflect the current vehicle design.  This IPT also conducts trade studies related to vehicle mass distribution and center of gravity and is responsible for maintaining a parametric model representative of the current vehicle design and for using that parametric model to respond to internal and external analysis requests.

2.3.1.12 Physical Layout & Configuration

The Physical Layout and Configuration IPT is responsible for representing the overall configuration of the vehicle as defined by the MEL using CAD modeling. The lander CAD assembly is an accurate representation of the mass, size, and arrangement of the current lander design. The PL&C IPT is responsible for control of component location, selection for packaging optimization and CG balance, and for delivering integrated CAD assembly and a General Arrangement package at the end of each design cycle. The PL&C IPT is also responsible for planning, design, construction, and evaluations of all lander mockups. 

2.3.1.13 Integrated Flight Performance

This IPT involves all aspects of performance of the vehicle throughout its mission(s), and oversees all aspects of mission design and mission analysis.  This includes flight mechanics during all mission phases (LEO, TLC, LLO, Descent, Ascent & Rendezvous) which make up the lander vehicle Conceptual Flight Profile (CFP), both 3-Degrees of Freedom (DOF) (translational) and 6-DOF (translational & rotational) vehicle control, total Main Propulsion System (MPS) and Reaction Control System (RCS) propellant sizing and abort assessments.  Other disciplines/activities within IFP include:  consumables analyses, Micro Meteoroid and Orbital Debris (MMOD) assessment(s), natural environment familiarity and induced environment familiarity and generation. Integrated Vehicle Performance (IVP) also integrates and interfaces with all other IPTs as well as other CxP elements (Ares, Orion, surface).  All lander performance analyses are documented in the Spacecraft Performance Analysis Report or in an appropriate accompanying IPT report.

This IPT also conducts the work required to track mass and energy resources on the spacecraft during all phases of the mission.  This IPT also includes tasks to perform analysis and provide reports and engineering data, and may also include some analysis tool development and verification work.
2.3.1.14 Modeling, Simulation, and Tool Development

This IPT conducts the work to design, develop, test, certify, or upgrade computer models, simulations and tools for use by the Altair team in developing, validating and verifying system and subsystem requirements and designs and integration.  The IPT also develops requirements for model validation and performs critial math model configuration control.  The models, simulations and tools will be developed or selected to integrate with those being used by other elements of the Constellation Architecture.  It is expected that these design and integration models, simulations and tools will mature to be used during the training and operations phase of the Altair project life cycle. 

2.3.1.15 Mission Segment Integration

The primary responsibility of the MSI IPT is to assure that lander system and subsystem concepts have been sufficiently integrated to satisfy functional and performance requirements for specific mission phases.  Mission phases include pre-launch processing, launch, LEO operations, trans-lunar coast, lunar orbit operations, descent, surface operations, ascent, rendezvous, and disposal.  This IPT integrates inputs from key stakeholders regarding the existing design and assesses the need for further analysis.  The products of this IPT include a written report and presentation on the integrated work as well as inputs to applicable lander documents, including the Spacecraft Performance Analysis Report (SPAR), Ops Concept Document, Lander Specification and Master Equipment List (MEL).  Specific outputs include the identification of design options with associated vehicle impacts (performance, mass, cost, and risk).  This IPT conducts trade studies that are specific to single mission phases.
2.3.1.16 Habitability and Human Factors

This IPT is responsible for defining, documenting and applying space human factors (including human physical parameters and performance capabilities and limitations), to Lander vehicle design and operation in order to enable the safety and productivity of humans aboard the Altair. 

This IPT involves the application of what is known about human capabilities and limitations to the design of Altair products, processes, systems, and work environments to enhance crew productivity and well-being. The IPT will be engaged in the design of all systems having a human interface, including hardware and software, improving ease of use, system performance and reliability, and user satisfaction, while reducing operational errors, operator stress, training requirements, and user fatigue.

The H&HF IPT verifies human-machine interfaces (including crew station integration and crew interface analysis for flight crew systems) and operational habitability and assures successful human habitation and performance in habitable volumes and crew systems through the development of early and iterative conceptual designs, models, mockups, and simulations of habitation systems, hardware, interfaces, and architectural concepts. Evaluations predict human and machine performance and generate design requirements and concepts. This IPT also coordinates the vehicle compliance with NASA spacecraft environmental requirements and integrates NASA food systems and food processing.
2.3.2 Safety and Mission Assurance

The Altair S&MA IPT utilizes a risk based design approach to assess the overall reliability of the vehicle.  Risk based design, currently utilizing hazard analysis, fault trees, FMEA, or availability analysis, is used to identify the high risk items in the design and to aid in prioritizing the technical tasks to be addressed by the Altair team.  IPT design solutions are then evaluated by the S&MA team to determine the associated risk reduction for each solution, and are coupled with vehicle performance parameters in order to fully inform the Vehicle Engineering Panel or Altair Project Control Board that is making baseline design implementation decisions.  The S&MA team also develops Loss of Crew (LOC) and Loss of Mission (LOM) analyses for all relevant technical design maturation tasks which will be integrated into an overall vehicle LOC/LOM at the end of each analysis cycle.  The S&MA IPT also develops, in conjunction with the subsystems, the Lander Preliminary Hazard Assessment for all subsystems and the integrated vehicle in support of the Altair SRR, as well as developing the preliminary Lander Integrated Hazard Analysis in support of the Altair SDR, and beginning preliminary work on the Lander Maintenance Concept.

2.3.3 Test and Verification

The T&V IPT contains four components: 1) Verification requirements definition: Identifying applicable requirements; facilitating verification requirements flow-down and interpretation; defining pass/fail criteria; and assessing impacts of requirements changes on verification strategy or plans.  Although contractors will be requested to assess requirements documents, NASA retains sole responsibility for their development and content; 2) Integrated test and evaluation planning: Includes developing verification strategies and verification logic networks; Altair master verification plan development; coordinating integrated modeling, simulations; ground and flight tests; and identifying asset- and cost-sharing opportunities between systems or subsystems; 3) Asset management: Asset management involves identifying, coordinating and configuration management of modeling and simulation tools and techniques; building, certifying and maintaining test articles and fixturing; procuring specialized test equipment and instrumentation; and scheduling, coordinating, and budgeting facilities needed for test & verification activities; 4) Test and evaluation operations: Includes demonstration, simulation and test design; coordinating integrated model, simulation and test activities; developing verification processes and procedures; and delivering verification data to support Altair qualification, flight certification, and acceptance.
2.3.4 Technology Integration

Altair’s Technology Integration IPT includes the coordination and integration of technology developments in concert with technology project managers and Lander IPT leads from multiple NASA Centers to provide risk mitigation for the Altair project.  This includes various analysis and development tasks associated with the Technology Program and the application of new technology or existing technology.  The work involves project planning, development, analysis, scheduling, forecasting, analyzing data and activities, preparing project statuses, analyzing or managing certain project objectives and requirements, schedules, activities, reviews, and plans that are related to NASA’s Exploration Technology Development Program (ETDP) or are new technology elements funded by the project and are required to execute the project throughout all its phases.
2.3.5 Operations Integration

This IPT is responsible for developing and planning all the design reference mission scenarios for returning humans to the Moon, and assessing operability and mission supportability.  This includes planning of 7 day sortie missions to the lunar poles, 210 day outpost missions to the lunar poles, 7 day global access missions, and un-manned cargo missions.  Typical products produced by the Ops Integration Team are mission timelines, operational concept documents (Ops Con), operability and supportability assessments.  The Ops Integration IPT interfaces with both the program and other operations-centric organizations and is comprised of experts in the field of operations beginning with ground operations (vehicle processing at the launch pad) through Altair mission completion (ascent module disposal), and experts in operability and mission supportability.  This is inclusive of all logistical ground operations, LEO, trans-lunar, LLO, lunar surface, lunar ascent, and post ascent operations.  

2.3.6 Project Integration

Project Integration consists of IPTs responsible for requirements, external interfaces, and configuration/data management.  All requirements are developed and controlled by NASA.  Descriptions of the work performed within the individual PI IPT functions follow in the sections below.

2.3.6.1 System Requirements

This IPT is responsible for assessing the Altair vehicle operation and function within the context of the Constellation architecture in order to establish System Requirements.  This IPT includes functional and operational analyses through the use of Models-based Systems Engineering, and for setting requirement quality and completeness standards and highlighting gaps as they are identified.  Work products include operational models, functional flow block diagrams, reviews of system and verification requirements, traceability reports, issue lists and compliance assessments.  Systems Requirements are exclusively owned and controlled by NASA,
2.3.6.2 Milestone Review Planning & Implementation

This IPT is responsible for all planning associated with, and assembly of, the documents required for Program SRR, Project SRR, and Project SDR.  This includes identification and production of all applicable documents as specified by standard NASA procedures and as modified by the Altair project.  The products from this IPT also include the Integrated Vehicle Design Description Document and the Altair Risk Management Plan.  Additionally, this IPT is responsible for ensuring the proper accomplishment of the milestone reviews.  Refer to the Data Requirements Descriptions (DRDs) for lists of products associated with each milestone review.

2.3.6.3 IRD/ICD Development

The IRD portion of this effort is the work required to technically manage the interface development between Altair and other applicable Constellation Program elements or external entities.  It ensures the appropriate and timely effort to define and document the functional, performance and physical interfaces, and their associated verification approaches.  Similar to the IRD effort, the ICD portion is responsible for technically leading, managing and controlling the detailed physical and software interface discussions (including verification details) between Altair and other Constellation Program elements, including: 1) Orion, 2) Ares V, 3) Lunar Surface Systems (LSS), 4) Extra Vehicular Activity (EVA), 5) Ground Operations, and 6) Mission Operations.
2.3.6.4 Data Management

This IPT is responsible for defining, documenting, maintaining and controlling the Altair non-configuration managed technical data.  The DM IPT defines, develops, documents and manages the overall data capture process, schedule(s) and tools to ensure accurate and complete capture of Altair technical data.  This IPT also defines the limitations of data capture, facilitates access to and distribution of the data, and evaluates the data for future value to other programs/projects or for historical purposes.
2.3.6.5 Configuration Management

This IPT is responsible for defining and maintaining all controlled Altair documents.  The CM IPT develops and manages the overall configuration data capture process and tools to ensure accurate representation of the vehicle configuration and its evolution.  This IPT facilitates access to and distribution of the applicable data to all approved users.

2.4 Analysis Cycles (CLIN-0001)
The Analysis Cycle process is the framework in which a majority of the contractor work will occur.  The contractors shall participate in the IPTs as well as to provide management resources during each of the four (4) Analysis Cycle phases (Plan-Analyze-Decide-Implement).  Though primarily technical, Analysis Cycles may include the creation of requirements and other documents to capture technical results.  Contractor participation in each phase, including how trades and analyses will be equitably distributed among multiple contractors, is detailed in the process and work plan below.
2.4.1 Planning Phase

The planning phase of an Analysis Cycle takes place as the previous analysis cycle is concluding, so that the technical workforce will move from the Implementation phase of one Analysis Cycle to the Analysis phase of the subsequent cycle without interruption.  The IPTs will participate in the planning phase utilizing the following stepwise process and as outlined in Figure 2:

1. Each IPT will develop a prioritized list of trades and analyses with recommended resource allocations for the upcoming Analysis Cycle.  The NASA IPT lead will compile a composite list, and deliver a prioritized list to the NASA Management Team.  
2. The NASA Management Team will develop an integrated list of trades, analyses and resource allocations utilizing all IPT inputs.  The NASA Management Team will provide the Contractor Management Teams with the composite work plan for the upcoming Analysis Cycle, and specific task assignments for each contractor team.  
3. The Contractor Management shall propose a list of FTE loading (number of contractors allocated) and skill sets for all work items assigned to, or requiring support from, their organization.  NASA and Contractor Management will iterate the work plan until both parties agree on content and staffing.

4. NASA Management will provide the final compiled work plan (from all contractors) to the COTR who is responsible for providing formal direction to the contractors.

5. NASA Management provides the approved task list and contractor team assignments (number of contractors allocated) to the NASA IPT Leads.
6. The NASA COTR will issue technical direction to the contractor to establish formal task assignments and due dates for the upcoming analysis cycle.  
7. The contractor shall respond with a list of personnel for each IPT, including the point of contact (POC).  The contractor will not be required to support all IPTs in every analysis cycle but should be prepared to support all IPTs at some time during the contract period.
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Figure 2: Analysis Cycle Planning Process
2.4.2 Analysis Phase
Once POCs are assigned and contractor personnel are allocated, day to day activities will occur at the IPT level for all the products and evaluations assigned to a given IPT.  The contractor POCs will work with the NASA IPT Leads to resolve any questions concerning contractor assigned product scope and content.  The contractor shall conduct their assigned trades, analyses and evaluations according to the analysis cycle schedule. Technical evaluation tasks in an analysis cycle may be IPT specific, or could be better suited for integrated analysis lead by each contractor team.  POCs shall attend tagups, technical interchange meetings, and telecons as requested by the IPT Lead. The POCs shall coordinate any products and evaluations provided to the IPT Leads for the current analysis cycle, including proposed trades, analyses, and evaluations expected from the contractor.  The results of all trades and analyses will be available to both the NASA and contractor teams.
2.4.3 Decision Phase
The Decision Phase of the Analysis Cycle is primarily comprised of a board and panels necessary to evaluate the results of all work performed in the Analysis Phase.  The board and panels review the results of each task and decide which options to accept into the design.  The Altair Board and Panel structure is described in Attachment J-6, “Altair Operations Plan”, and contractor participation in these Boards and Panels is detailed below.  Once approved by the applicable Panel or Board, design and requirement changes will be integrated into the Altair Project in the Implementation Phase.
2.4.3.1 Vehicle Engineering Panel

The Contractor Senior Vehicle Engineer (SVE), as detailed in paragraph 2.2.4, shall be the contractor’s primary interface with the NASA Vehicle Engineering Panel Chair.  Contractor product results and evaluations shall primarily come through the IPTs.  However, the SVE may bring special topics to this panel.  Special topics may include proposals for trades/analyses that cut across multiple subsystems/IPTs and new technology proposal considerations.  The SVE is expected to provide recommendations or alternatives to any changes to the baseline configuration and opinions on all presentations made to the panel.

2.4.3.2 Project Integration Panel

The Contractor Senior Project Integration Engineer (SPIE), as detailed in paragraph 2.2.3, shall be the contractor’s primary interface with the NASA Panel Chair.  Product results and evaluations shall primarily come through the IPTs.  However, the SPIE for the contractor may bring special topics to this panel.  Special topics may include proposals for Program/Project requirement deletions, modifications and additions.  Additionally, proposals for Constellation architecture/element integration level trades and analyses may be proposed by the contractor.  The SPIE may provide recommendations or alternatives to any changes to the baseline requirements and opinions on all presentations made to the panel.
2.4.3.3 Altair Project Control Board 
The Contractor Project Manager (CPM), as detailed in paragraph 2.2.2, shall be to the contractor’s primary interface with the NASA Altair Project Control Board.  Any vehicle architecture changes, requirement changes or unresolved panel topics will be brought to this Board for final decision.  The CPM shall provide recommendations to the Control Board Chair for decisions on high level configuration changes, element level requirement changes, and products dealing with cost/schedule projections.  All decisions made by the Altair Project Control Board are the sole responsibility of NASA.
2.4.4 Implementation Phase

The implementation phase of the Analysis Cycle process incorporates all design and requirement changes approved by the board and panels during the Decision Phase.  The majority of the work in this phase is focused on updating subsystem designs, performing integrated vehicle analyses, producing integrated vehicle design products, and closing the vehicle design.  The contractor shall support the IPTs in incorporating all decisions into each of the subsystem designs and producing analytical models, equipment lists, schematics, CAD models and other products needed to document the subsystem-level design changes.  The contractor shall also support the vehicle integration IPTs in the production of integrated vehicle analyses, CAD models, schematics, MELs, configuration products, requirements, integrated vehicle performance and other products needed to document the vehicle level design. 
2.4.5 Analysis Cycle Summary Report Generation

The contractor shall provide a summary report of their work activities at the end of each Analysis Cycle (as detailed in DRD-PM-01).  The contractor shall document their task results and their contributions toward the design and requirements definition of the Altair Lander.  The contractor shall also document their areas of innovation, out-of-box thinking, new idea generation, and areas where they challenge the conventional thought process.  

2.4.6 First Analysis Cycle Kickoff Meeting

For the initial Analysis Cycle conducted under this contract, NASA will conduct a kickoff meeting to deliver a composite work plan for the initial Analysis Cycle.  The objective of the meeting will be to show the contractors all the products and evaluations expected from the combined NASA/Contractor team, clarify where the contractor is expected to perform a given task, and show assigned distribution of contractor work.  The government recognizes the importance of equitable distribution of work and will utilize the planning process described in 2.4.1.  The Analysis Cycle will then proceed according to Figure 2, with the contractors responding with FTE loading and skill set (via the Analysis Cycle Personnel Spreadsheet) for all work items assigned to, or requiring support from, their organization.  For this first analysis cycle, the planning process is targeted for completion two weeks after the Kickoff meeting.

2.5 Program/Project Milestones (CLIN-0002)
Three major NASA milestone reviews are expected to occur during the term of this contract (including all options).  Current planning dates for these reviews is contained in Attachment J-6, “Altair Operations Plan”.  The expectation is that contractors participate in the production and review of products in the months leading to these milestone reviews, and work with NASA in the conduct of the reviews themselves.  Additionally, some technical trades and analyses may be required to support the production of milestone products.  The following sections detail the process and work plan for each phase.
2.5.1 Program Level System Requirements Review (SRR) 
This review will be conducted at the Constellation Program level and supported by the Altair Project Office.  The objective of this review is to baseline program level requirements for Altair and the elements that Altair will interface with.  The contractor shall support the Constellation Lunar Capability Systems Requirements Review by producing and reviewing products associated with this review and preparing materials for presentation to the SRR board.
2.5.2 Project Level System Requirements Review (SRR)
This review will be conducted at the Altair Project level.  The objective of this review is to baseline Altair level requirements. The contractor shall support the Altair Systems Requirements Review by producing and reviewing products associated with this review and preparing materials for presentation to the SRR board.
2.5.3 Project Level System Definition Review (SDR)
This review will be conducted at the Altair Project level.  The objective of this review is to baseline the Altair design configuration. The contractor shall support the Altair Systems Requirements Review by producing and reviewing products associated with this review and preparing materials for presentation to the SRR board.

2.5.4 SRR and SDR Product Generation and Review
The contractor team shall produce and/or review Altair products prior to a given Program or Project milestone as defined by the NASA Management Team (a representative list of products for each milestone is provided in the Data Requirements Description (DRD) contained in Attachment J-1).  Altair requirements are exclusively owned and controlled by NASA It is expected that a majority of the products required for the SRR and SDR milestone reviews will be produced by the Project Integration IPTs.  This work shall be formulated and assigned similar to the Analysis Cycle Planning Phase detailed in paragraph 2.4.1.
2.5.5 Review Operations
The contractor shall provide resources to carry out the milestone review process.    The NASA management team will determine which set of documents, for a given milestone review, the contractor will be required to evaluate and assess.  In conjunction with the planning of product generation and review (paragraph 2.5.4), Review Operations shall be formulated and assigned similar to the Analysis Cycle Planning Phase detailed in paragraph 2.4.1.
2.5.6 Milestone Summary Report Generation

The contractor shall provide a summary report of their work activities at the conclusion of the designated Program/Project Review milestones (as detailed by CLIN-0002).  This shall include documents produced by the contractor, review comments on Altair/Constellation documents and presentation materials prepared for the milestone review Control Board. 

2.6 Contractor Flexibility

The contractor team shall maintain the ability to flexibly staff tasks across Analysis Cycles and Milestone task assignments while retaining continuity across the period of performance of this contract.  The content of each Analysis Cycle will vary, requiring the contractor to have the ability to bring different types of resources and skills to accomplish the work of different Analysis Cycles.  The work content required to prepare for and conduct the Milestone Reviews (Program SRR, Project SRR, Project SDR) is fundamentally different, and requires different expertise, than the work of the Analysis Cycles.  The Milestone Review tasks will also be conducted in parallel to one or more Analysis Cycles.  Flexibility of resources will be required to properly staff all tasks, while timeliness of these resources will be required to deliver the proper skill sets as each new Analysis Cycles or Milestone Review periods begin.  At the same time, the contractor must maintain some continuity of knowledge and leadership across these blocks of work, maintaining a stable “core team” that is joined by the flexible workforce described above.
2.7 Encouraging Innovation

NASA seeks innovative lander design solutions both at the vehicle architecture/configuration level as well as at the level of subsystems and components.  The initial Analysis Cycles of this contract are meant to encourage innovative examination of lunar lander design, and to incorporate the best of the NASA-contractor teams’ inventive solutions.  To ensure that innovative ideas receive proper vetting, multiple levels have been introduced into the Altair organization at which innovative ideas can receive initial exposure or re-examination.
The contractor is therefore encouraged to bring innovative solutions to both the NASA management and IPT teams during the course of this contract.  This includes, as a minimum; combining subsystems to drive down weight and/or increase robustness; recommend re-evaluation of the Lander Configuration and/or architecture if it improves overall performance; alternate subsystem designs to reduce/eliminate risk, and proposing alternative technologies at either the system or component level.  The contractor is also encouraged to suggest work process changes to the NASA management team if it improves the efficiency/quality of the products. The contractor shall document their innovation in their summary reports. 

Innovative contractor solutions can be introduced (or re-introduced) into the Altair work flow at 3 levels:

1. Individual IPTs
2. VE and PI Panels

3. Project Control Board

Most decisions will be made at the IPT level, but this check-and-balance allows a contractor’s senior systems engineers an opportunity to re-open an idea in a higher-level forum.  Figure 3 depicts the process for introducing innovation into the Altair project.

Figure 3: Entry/re-entry points for innovative ideas
2.8 NASA Team Structure Change Process
The Government reserves the right to modify the management and IPT structure described herein.  The contractor shall readjust their management team and POCs to align with any changes to the NASA management and IPT structure. 
3 Deliverables

The major deliverables for this contract will be of two types, associated with either an analysis cycle or a milestone review.  Analysis Cycle Summary Reports will be submitted at the end of each of the seven (7) analysis cycles (TAC, DAC, or RAC) conducted during either the base period or option periods of this contract.  Milestone Summary Reports will be submitted 30 days after a Program/Project milestone review’s conclusion (i.e. Program SRR, Project SRR and Project SDR).   Although contractors will be requested to assess requirements documents, NASA retains sole responsibility for their development and content.  The details of the contractor’s contribution that shall be summarized in the reports will be specified by NASA through the Technical Direction Clause (see G.3).
3.1 Analysis Cycle Deliverables (CLIN-0001)

The Analysis Cycle Summary Report provides summary level details of the support provided by the contractor during a given Analysis Cycle.  At the conclusion of each cycle, the contractor shall submit an Analysis Cycle Summary Report (ACSR) in accordance with DRD-PM-01.  This report will succinctly describe the work the contractor performed throughout the analysis cycle in support of producing the required Government owned products. For example, contractors will participate in trade studies during each analysis cycle.  The scope, solution options, and results of each trade will be summarized in the “Technical Trades and Analyses” section of the ACSR.

Each analysis cycle, whether focused on trades, design or requirements (TAC, DAC, RAC), results in a consistent set of associated products.  These individual products are owned by the Government and ultimate responsibility for each product will be levied on the associated Government led IPT.  Contractors will make significant inputs into these products, contributing part or all of a given product as assigned.   Their contributions to producing IPT products will comprise the content of the ACSR.
3.2 Milestone Deliverables (CLIN-0002)

The Milestone Summary Report provides summary level details of the support provided by the contractor in support of a milestone review.  At the conclusion of each review, the contractor shall submit a Milestone Summary Report (MSR) in accordance with DRD-PM-02.  This report will summarize the comments and inputs provided by the contractor to all Government produced products, as well as summarize any unique products produced by the contractor.  Additionally, the contractor shall summarize any contributions made to the conduct of the milestone reviews.
There is a well defined list of products necessary for Program SRR, Project SRR, and Project SDR (milestones). A majority of these products will be produced by the Government and require contractor assessment. Other, non-requirements, products may be deemed best produced by the contractors and will be reviewed and integrated by the Government. Although multiple products are necessary for each milestone, one deliverable will be produced by the contractor containing the associated contribution to each product.
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