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Fluids and Combustion Facility Production, Deployment, and Initial Operation

Statement of Work

1. Introduction
This International Space Station (ISS) Fluids and Combustion Facility (FCF) Statement of Work (SOW) provides a functional description of the work and deliverables required to produce, deploy, and initiate operations of the ISS FCF.  Work under this SOW shall cover the design, development, fabrication, assembly, test, and initial operations of the FCF system.  The FCF System consists of  the Combustion Integrated Rack, Fluids Integrated Rack, and the Shared Accommodation Rack.   The incremental development of the FCF system shall include the development of the flight racks as well as the ground support racks and support equipment to be used for training and Principal Investigator hardware development and verification.

1.1. FCF MISSION

The Fluids and Combustion Facility (FCF) shall be a permanent on-orbit research facility located inside the United States Laboratory Module (US Lab) of the International Space Station (ISS).  The FCF shall support the Microgravity Program objectives as part of NASA’s Human Exploration and Development of Space (HEDS) Program.  In particular, FCF shall accommodate and facilitate sustained, systematic Microgravity Fluid Physics and Microgravity Combustion Science experimentation on the ISS for the lifetime of the ISS.

1.2. FCF OVERVIEW

Below summarizes the key requirements of the Fluids and Combustion Facility project:

1.2.1. Programmatic Requirements

· The FCF system shall utilize a contiguous three rack Flight Unit (FCF FU) configuration to be located in the ISS US Laboratory. 

· After SAR deployment, all three racks shall nominally function as an interdependent FCF system, rather than as three independent racks. However, independent operation shall not be precluded.

· The FCF Ground support infrastructure shall include a three rack FCF system Ground Integration Unit (GIU), a three rack FCF system Experiment Development Unit (EDU), a three rack FCF system Payload Training Center Unit (PTCU), ground support equipment, and telescience equipment used for command and control during mission operations.  The Experiment Development Units and Ground Integration Units shall provide the PI development teams a proper testing environment to assure success of their mission within the FCF.  The EDU shall be made available in sufficient time to support the initial PI development teams.

· The Payload Training Center Unit racks, located at NASA Johnson Space Center, must be deployed substantially in advance of the FCF flight units to support the Astronaut training of FCF and  initial Principal Investigator hardware and software. 

1.2.2. Science Requirements

· A key principal FCF performance requirement shall be determined in terms of experiment throughput. In particular, the FCF integrated system shall provide a minimum annual throughput of 10 basis type experiments within all budgetary and ISS resource constraints.  In the event of increased budget or resources, throughputs of up to 30 experiments per year shall be possible.

· FCF equipment will be augmented with Principal Investigator (PI) Hardware to perform an experiment.

· The successful completion and operations of the initial Principal Investigator experiment in the FCF will measure success of the deployed FCF system.

1.3. FCF DEVELOPMENT STATUS

The FCF development has been proceeding through the last three years in overall requirement definition and preliminary design activities. This effort has focused on defining the Combustion Integrated Rack and overall FCF system packages and to a lesser extent the Fluids Integrated Rack and Shared Accommodations Rack.  The current FCF system concept is described in the following documents: The FCF Baseline Concept Description (FCF BCD), the FIR BCD, the CIR Baseline System Description (CIR BSD), and the SAR BCD.  Below is a brief description of the FCF and its individual rack development status:

1.3.1. General Status

The past development of FCF deliverables has been phased to match the anticipated rack manifest schedule.  Consequently, the CIR and relevant subsystems have been the focus of effort of the FCF team with the anticipation that some of the key packages (e.g. Air Thermal Control) can be utilized throughout the FCF system with minimal modifications and development.  The FIR design and development lags by about a year, and the SAR is in a concept definition phase.  The overall system software development is in the formal requirements definition phase.  An engineering model of the main individual rack power controller and distribution package to be used by each individual rack, the Electrical Power Control Unit (EPCU), has gone through and passed an extensive performance-testing program.  An embedded web technology has been developed to enable a simpler software design approach of the FCF command and control software.

1.3.2. Combustion Integrated Rack

The Combustion Integrated Rack (CIR) design has utilized the Combustion Module-1 flight design, that flew on Microgravity Science Laboratory-1 mission, as a starting point.  The CIR design has gone through a few design iterations and settled on a fold-down optics plate design in 1997.  The CIR has had two system brassboard hardware builds to better understand the design and obtain crew interface assessments.  The CIR has completed a Phase 0/1 Safety Review with a delta-Phase Safety Review 0/1 completed in February 1999 to assess the chamber single-seal design.  The CIR design and relevant subsystems were reviewed in March 1999 at the CIR PDR.  The CIR development will begin the manufacturing the CIR EM Optics Plate and associated Combustion Chamber at approximately contract award.

1.3.3. Fluids Integrated Rack

The Fluids Integrated Rack (FIR) design has had many different conceptual designs over the years to determine the most effective approach to meeting the wide variety of anticipated fluid physics experiments.  The current FIR design utilizes many of the key features of the CIR design, such as the fold-down optics plate.  The FIR has had one brassboard hardware build to better understand the design and interfaces with experimenter hardware and assessment of key crew interface designs that need development.  Some subsystems of the FIR design are nearly at the Preliminary Design Review level with additional work in the refinement of crew and PI interfaces leading to a second-generation brassboard build of key packages.  It is anticipated that these packages will be built prior to the award of this contract with anticipated performance evaluations beginning at time of contract transition.

1.3.4. Shared Accommodations Rack

The Shared Accommodations Rack (SAR) design has also gone through various iterations mostly driven by the need to launch the racks as independent units and due to changing ISS requirements and constraints.  The current SAR design is based on providing the key avionics support and ISS interface, along with increasing the PI experiment throughput, especially for the fluid physics experiments.  The current SAR concept utilizes many of the key features of the CIR and FIR designs, such as the fold-down optics plate.  No brassboard hardware has been developed to date for the SAR.  The more detailed SAR conceptual design will begin as part of this contract.

1.3.5. Milestones Complete

In December 1994, the ISS FCF Project successfully completed a Conceptual Design Review (CoDR).  The FCF system (emphasis on the fluids portion) and the associated science requirements were reviewed by an engineering and science panel.  In October 1996, the Requirements Definition Review (RDR) was completed on the overall FCF system by a similar review panel.  In November 1997, a Technical Interchange Meeting (TIM) was held between the FCF Project and ISS safety officials to obtain early guidance and feedback on the FCF system safety issues in operating on the ISS.  In June 1998, a successful Hardware Concept Review (HCR) was held to validate the FCF system conceptual improvements (integrated rack approach) incorporated since RDR that included a review of the brassboard hardware and conceptual designs.  A CIR PDR and CIR Phase 0/1 Safety Review and FIR phase 0 safety review were completed in December 1998 at NASA JSC. 

1.4. Transition

The FCF hardware development described briefly above should be utilized as a starting point for this contractual effort. The contractor shall build off of this overall FCF system concept presented in the concept description documents. As a starting point, the contractor shall make effective use of all NASA furnished equipment, FCF mockups and breadboards, FCF engineering hardware and FCF software.  The contractor shall provide an effective transition from the current stage of FCF development to produce an incrementally developed, integrated FCF system of flight equipment, ground equipment, and software to meet the FCF system performance requirements.

2. Scope

This International Space Station (ISS) Fluids and Combustion Facility (FCF) Statement of Work (SOW) provides a functional description of the work required to produce, deploy, and initiate operations of the ISS FCF and associated items.  The contractor shall design, develop, fabricate, assemble, test, and perform initial operations for the FCF system that shall accommodate and facilitate sustained, systematic Microgravity Fluid Physics and Microgravity Combustion Science experimentation on the ISS.  The FCF system shall consist of a flight segment, a ground segment, support hardware, operations plans and procedures, documents and associated items.  The completed FCF system shall include 12 space station racks (three flight racks, six ground racks, and three training racks), equipment installed in the racks, support equipment, and all necessary software.  It shall also include FCF unique equipment and unique software that will be located at the GRC Telescience Support Center and at Principal Investigator sites.

The contractor shall furnish all personnel, facilities, materials, services, other items and functions necessary to complete the work, except as otherwise specified herein.  Work under this SOW shall be incrementally developed to complete the 12 FCF racks and their associated support equipment and software.  Acceptance by NASA shall occur upon successful initial on-orbit operations and validation of the FCF system (on an incremental basis).

3. Applicable Documents

The nature of flight hardware development is such that conformance to various standards and codes shall be specified if required.  The list of applicable documents is therefore intentionally not complete, and the contractor shall ascertain the totality of the applicable documents and shall prepare and/or use each in accordance with the document’s purpose.  Those that are applicable are specified in this Statement of Work or FCF System Specification documentation listed below. Typical standards and codes, which may be required of the contractor, are the following:


ASTM Standards


Mil-Specifications and Standards


ANSI codes as sponsored by ASME


Department of Transportation Regulations


NASA Standards and Handbooks

The contractor shall suggest alternatives to these standards if use of alternatives can lead to a better or less costly product that satisfies requirements and regulations.  The contractor shall also prepare and/or utilize other applicable documents, not explicitly called out herein, as needed to produce, test, and deploy hardware and software meeting the requirements.  The contractor shall be responsible for identifying, acquiring, and properly using such documents.  The contractor is encouraged to submit alternative industry standards to use in place of any military specification or standard.  The contractor shall also utilize other applicable documents and efforts, including the performance of tests and analyses not otherwise explicitly stated herein or in other parts of the SOW, needed to produce the required flight hardware, software, or support documentation.  In the event of conflict, the requirements stated in this SOW shall take precedence over requirements stated in the applicable FCF requirements documents listed below.

3.1. APPLICABLE REQUIREMENTS

The principal applicable documents are summarized below: 

3.1.1. Product Assurance Requirements

Standard Assurance Requirements and Guidelines for Experiments (SARGE): Defines safety, reliability, and quality assurance requirements and guidelines by carrier for developers of GRC space experiments.

GRC Product Assurance Manual (PAM): Product assurance instructions (PAI) employed at GRC to address specific assurance topics.

3.1.2. FCF Requirements Documents

ISS FCF Science Requirements Envelope Document (SRED) [FCF-DOC-002]: The SRED contains the FCF performance requirements and functional scientific requirements. The SRED defines the basis experiments that are central to specifying and verifying FCF performance. There are 25 basis experiments defined in the FCF SRED.

ISS FCF System Specification [FCF-SPEC-001]: The System Specification defines the minimum requirements that the ISS FCF must meet. It provides the top-level system technical requirements.  The FCF System Specification contains references to other applicable requirement sources. 

Combustion Integrated Rack (CIR) System Specification [FCF-SPEC-002]: The CIR System Specification provides functional and performance requirements that the CIR must meet. NASA will provide a draft CIR System Specification.  The contractor shall finalize the CIR System Specification.

Fluids Integrated Rack (FIR) System Specification [FCF-SPEC-003]: The FIR System Specification provides functional and performance requirements that the FIR must meet.  NASA will provide a draft FIR System Specification.  The contractor shall finalize the FIR System Specification.

Shared Accommodations Rack (SAR) System Specification [FCF-SPEC-004]: The SAR System Specification provides functional and performance requirements that the SAR must meet.  It shall incorporate those features needed in combination with the CIR and FIR features to meet the full SRED requirements. The contractor shall prepare the SAR System Specification.

Ground Segment (GS) System Specification [FCF-SPEC-005]: The GS System Specification provides functional and performance requirements that the GS must meet.  The contractor shall prepare the GS System Specification.

3.1.3. ISS Requirements and standards

ISS requirements documents and FCF specific integration agreements shall be applicable.  The contractor shall be responsible for identifying, acquiring, and using the applicable ISS documents. 

Station Program Implementation Plan [SSP 50200]: Defines the implementation structure for the International Space Station Program functions and documents the flowdown of detailed implementation.

Pressurized Payload Interface Requirements Document [SSP 57000]: This document defines the minimum Space Station Requirements for Pressurized Payloads and provides requirements for incorporation in the NASA Space Station hardware procurements and technical programs.

Space Station Program Requirements for Payloads [SSP 50431]: This document provides a consolidation of all International Space Station Program (ISSP) programmatic requirements, documentation and processes to be used by all ISSP funded and barter agreement Payload Developers (PDs) and processors.

3.2. REFERENCES

The following provides a subset list of key documents for FCF that provide the current design for the flight hardware and software:

FCF Baseline Concept Description [FCF-DOC-003]: Provides a description (illustration and narrative) of the ISS FCF system to reflect the latest design and planning. 

FCF/CIR Baseline Concept Description [FCF-DOC-005]: Provides a detailed description (illustration and narrative) of the CIR rack system to reflect the latest design and planning. 

FCF/FIR Baseline Concept Description [FCF-DOC-006]: Provides a detailed description (illustration and narrative) of the FIR rack system to reflect the latest design and planning. 

FCF/SAR Baseline Concept Description [FCF-DOC-007]: Provides a description (illustration and narrative) of the SAR concept to reflect the latest design and planning. 

FCF Concept Compliance Matrix (CCM) [FCF-DOC-004]: Correlates each requirement in the FCF SRED with the corresponding implementing FCF design feature(s) described in the FCF BCDs.

FCF/CIR ISS ICD Applicability Matrix: Correlates each ISS ICD Blank Book requirement with the CIR design to determine applicability.

4. Performance Work Statements

This section contains a functional description of the performance-based work required of the contractor under this FCF SOW.   The contractor shall be responsible for all aspects of producing and deploying the ISS FCF in accordance with this SOW, and any other applicable documents.

The contractor shall incrementally produce and deploy an FCF system including, but not be limited to, the hardware listed in Deliverables section of this SOW.  The FCF system shall also include all software required to produce, deploy, and operate FCF flight and ground segments.  The contractor shall also develop all training manuals, user’s guides, operating instructions, maintenance manuals, ISS interface documentation, safety documentation, and other documentation needed both on the ground and on the ISS to fully utilize the FCF system capability as listed in section 5.3 of the SOW, Document Deliverables.  The contractor shall produce and deploy the FCF system including any other items (e.g., logistics support items, spares), not explicitly listed in this SOW, necessary to fulfill the mission and performance requirements.  It shall be the contractor’s responsibility to identify these other items.

The contractor shall design and incrementally deploy an FCF hardware/software system consisting of a Flight Segment and a Ground Segment.  As part of the incremental build of the FCF system, the contractor shall design the FCF system to a level that allows confidence that the production of the first incremental build, the Combustion Integrated Rack (CIR), will allow for the required FCF system performance upon FCF completion.  This requires the CIR to be initially a stand-alone integrated rack that can be deployed independently of the other two FCF flight segment racks.  It shall perform initially planned combustion science experiments until completion of the FCF system; however, it may not meet all the SRED combustion science requirements until the complete FCF system is deployed.  After deployment of the SAR, the CIR shall be configured as part of the three-rack FCF system.  The contractor shall also produce the Fluids Integrated Rack (FIR) as the second part of the incremental build of the FCF system.  The FIR shall also be a stand-alone rack that can be deployed independently of the other two FCF flight segment racks.  It shall perform initially planned fluid physics experiments until the completion of the FCF system; however, it may not meet all the SRED fluid physics requirements until the complete FCF system is deployed.  As the final incremental build of the FCF system, the contractor shall produce the Shared Accommodations Rack (SAR).  The SAR shall contain shared FCF subsystems (e.g., image processing) and also be capable of supporting some fluid physics and other small experiments.  After deployment of the SAR, the CIR and FIR shall be configured to become part of the three-rack FCF system.  When FCF is fully deployed, the three racks shall be capable of meeting the FCF system requirements.

Each of the CIR, FIR, and SAR flight and ground segment racks, equipment and software shall be subject to individual pre-deployment & post-deployment acceptance testing and final NASA acceptance.

4.1. MANAGEMENT

The contractor shall provide a management function for the monitoring, control, and reporting of the FCF effort.  The contractor’s management function shall provide to NASA reporting and real-time insight into status based on the contractor’s Performance Management Plan, as well as, technical and performance measurement of all contractor responsibilities and activities performed under this SOW.  The contractor shall be responsible for the submission of all change order proposals as required by this contract.  The contractor shall implement appropriate management systems that prevent the improper dissemination of Principal Investigator competition sensitive information. The contractor shall facilitate NASA attendance of contractor and subcontractor data, reviews, audits, meetings, and other activities pertinent to the execution of FCF.  To facilitate NASA attendance at contractor initiated activities, the contractor shall provide the appropriate NASA representatives with advance notification of plans regarding their activities and to interact with the NASA Glenn Research Center FCF Project Manager, or his designees.  The contractor shall provide an annual update of the Contractor Project Plan (DID# PM-01) developed for the FCF project and work in accordance with the plan.  The following paragraphs describe detailed requirements for performance measurement, configuration management, property management, and review requirements that apply to all elements of the FCF SOW.

4.1.1. Performance Measurement

The contractor shall provide NASA with necessary information on project progress and to implement the Government Surveillance Plan to monitor product assurance, identify significant problems, and implement corrective action as applicable based on the contractor’s Performance Measurement Plan (DID# CD-01).  The contractor shall generate Performance Measurement Reports (DID# CD-02) for FCF in accordance with this plan.  The contractor shall participate in a monthly informal FCF Technical Information Meeting with the NASA’s FCF Project Manager to review technical, schedule, and contractual issues/metrics, and provide a forum for technical interchange with the FCF contractor and NASA teams to assure understanding of all FCF requirements.  The contractor is only required to report information provided in the Performance Measurement Reports and may provide additional information normally produced by the contractor in the day-to-day management of the FCF.

4.1.2. Configuration Management

The contractor shall establish a configuration management process to control critical hardware, software, and documentation.  The specific process to be used for FCF development shall be defined in the FCF Configuration Management Plan (DID# PM-04).  The contractor shall also implement an engineering control system that shall review and approve changes to drawings, parts lists, test procedures and quality procedures once a baseline has been established.  Any modifications to requirements or deviations shall be in accordance with DID# PM-05.

4.1.3. Property Management

The contractor shall maintain an inventory of all Government Furnished property and of items purchased for the FCF for both on-site and at the contractor facilities per the Property Clauses of the contract.  The contractor shall provide NASA with a current inventory list quarterly and be subject to annual audits.  During the audits, the contractor shall verify the accuracy of the inventory listing and verify the existence and locations of listed items.  All flight hardware shall be identified and controlled based upon the configuration management plan which shall include a bonded storage capability to control the tracking of and physical access to flight hardware inventory.

4.1.4. Reviews

The contractor shall be fully responsible for successful conduct of all milestone reviews, safety reviews, and other defined NASA reviews within this SOW.  For reviews, the contractor shall provide all documentation, presentation packages, presenters, other appropriate personnel, data sets, hardware demonstrations, and any other items or functions needed to meet the review intent and requirements. 

The contractor shall present the results of the design and development efforts for NASA review and acceptance.  These reviews shall cover the entirety of the FCF system including flight segment equipment, ground segment equipment, software, verification plans, operations plans, training plans, and other items defined in this FCF SOW and key milestone descriptions.  FCF major milestone reviews shall include the following: Preliminary Design Reviews (PDR) for each of the FCF system, FIR, SAR, and a delta-PDR for the CIR to ensure the system design is appropriate for an FCF incremental build.  Critical Design Reviews (CDR) for the FCF system and each of the incremental builds (CIR, FIR, SAR).  A Verification and Test Review for the FCF system.  Pre-Ship Reviews (PSR) for each of the FCF system racks (CIR, FIR, SAR) with appropriate verification that the racks will function as a system.  Phased Safety Reviews (0/1, 2, and 3) for each of the FCF system racks (CIR, FIR, SAR).

The Pre-Ship Reviews shall be presented at the NASA Glenn Research Center. The Phased safety reviews shall be presented at the NASA Johnson Space Center to the ISS Payload Safety Review Panel.  All other reviews shall be held at a mutually agreed to location; that location shall, typically, be the contractor’s facility.  Baseline dates will be established by the contractor for each review are presented in Table 5.1, FCF Milestone Reviews.

Review presentation packages shall be developed in accordance with DID# D-01.  At each review, NASA will generate action items.  The contractor shall provide a plan, acceptable to NASA, for the closure of the action items.  Closure shall include, but not be limited to a contractor provided written response for each action item.  Technical data, analyses, or other verifiable objective evidence for the credibility of the response shall support the contractor’s responses.  The contractor shall evaluate the scope and content of each review and suggest modifications, per NASA approval, to the review requirements for more value-added reviews and/or cost reductions.

4.2. Product Assurance

The contractor will be required to plan, implement and maintain a product assurance system to support FCF.  The Product Assurance requirements are defined in the GRC’s Standard Assurance Requirements and Guidelines for Experiments (SARGE).  The product assurance system of the contractor is subject to periodic review by NASA GRC or its designated NASA representative(s) as defined in Government’s Surveillance Plan.  

The contractor will be required to prepare, implement and maintain a FCF Product Assurance Plan (DID# PA-01) and other documentation or procedures which assure compliance with product assurance requirements and to show how applicable product assurance requirements for FCF will be addressed.

4.2.1. Quality Management

The contractor shall be certified to ISO 9001, in the process of becoming certified or as a minimum have an established proven effective quality program that is in accordance with FAR 42.202-3 Higher-level Contract Quality Requirements (e.g. MIL-Q-9858).  The contractor’s Quality Management system shall be capable of meeting the quality assurance requirements in SARGE and SSP 41173, "Space Station Quality Assurance Requirements”.  The Quality Management system is subject to review as defined in the Government Surveillance Plan by NASA GRC or its representative.

4.2.2. System Safety

The contractor shall develop an FCF Safety Plan (DID# PA-02) and work in accordance with the plan.  The plan’s scope shall include all the work defined in this SOW.  The contractor shall deliver all safety documentation required by and in accordance with NSTS/ISS 13830 for ISS Payloads (DID# PA-05). The contractor shall present and support all reviews of this documentation including successful closure of all resulting actions.  The contractor shall meet the requirements of NSTS 1700.7, NSTS 1700.7 Addendum, NSTS/ISS 18798, and KHB 1700.7 where applicable (e.g., operations at Kennedy Space Center).  The contractor shall conduct activities at the NASA Glenn Research Center (e.g., in building 333) in accordance with the GRC Safety Manual and the  GRC Environmental Programs Manual.  The contractor shall impose the above mentioned requirements on all subcontractors and suppliers, as applicable.  

The contractor shall provide a Safety and Health Plan based on DID# PA-12.  This plan shall address all hazards related to the work to be performed at GRC and the contractor’s facilities, exposures to workers and GRC personnel and plans to mitigate these hazards.

4.2.3. Materials and Processes

The contractor shall have a materials assurance process for documenting the Materials and Processes associated with the final FCF design hardware using a Materials Identification and Usage List (MIUL), see DID# PA-06..  Materials Usage Agreements shall also be submitted for all materials on the MIUL that are not rated “A” or better per MSFC-Handbook-527.  Materials not located in MSFC-Handbook-527 shall be tested per NSTS 22648 for Flammability Configuration or NASA-STD-6001 for all testing.  The materials assurance process must provide for certification of all parts and materials for composition and properties as defined by the design criteria.  Materials used in applications such as, limited life, safety, and fracture critical shall be traceable through all critical processing procedures up to end-item application.  The contractor shall assure NASA that the space flight materials used meets all relevant safety requirements and can be flight certified by NASA.

The contractor shall consider materials used in the fabrication of space flight hardware to be selected by considering the FCF design and operational requirements.  The properties of the candidate materials can be obtained per Mil-Handbook-5 “Metallic Materials and Elements for Aerospace Vehicle Structures” and Mil-Handbook-17, “Polymer Matrix Composites”.  Material properties that shall be considered include, but not limited to, mechanical properties, fracture toughness, flammability, off-gas characteristics, corrosion, stress corrosion, thermal and mechanical fatigue properties, thermal vacuum stability, and fluid compatibility.  Material codes used for evaluation shall be obtained from MSFC-Handbook-527 “Materials Selection List for Space Hardware Systems”.  For International Space Station payloads, refer to SSP 30233 “Space Station Material and Processes” for the material assurance requirements.

4.2.4. Reliability and Maintainability

The contractor shall assure the reliability, availability and maintainability (RAM) of the FCF flight and ground segment hardware that meets the definitive requirements defined in SARGE.  The contractor shall be responsible for imposing the RAM requirements on all subcontractors and suppliers and integrate all subcontractor and supplier RAM products into a comprehensive compliance package as specified in SARGE.

The contractor shall perform RAM assessments and tests of the FCF design and FCF flight and ground segment hardware/software system. The assessments and tests shall, as a minimum, objectively indicate a high probability that FCF hardware can survive in the given environments, work reliably, be maintainable, and meet the FCF Mission Success Criteria contained in the FCF System Specification. 

4.2.5. Software Product Assurance

The contractor will be required to assure the management, safety, and control of all flight-related software/firmware (including that used for ground support or mission operations) and the software development process (reference: NASA Software Assurance Standard NASA-STD-2201-93).  The contractor shall assess the control level of the software and its safety related requirements (reference NASA-STD-8719.13A & NASA-GB-1740.13-96).  Based on software control level (reference, GRC Software Development Manual) the contractor will be expected to develop and utilize a Software Assurance Plan (DID# PA-11) to assure the management, safety, and control of the software products and the software development process (e.g., configuration management, risk management, performance, functionality, safety, reliability, verification & validation processes and non-conformance reporting).

The contractor shall use IEEE 12207 software development standards in lieu of other standards when the IEEE 12207 standard applies and provide incremental releases of the FCF software.  The software functions incorporated in incremental releases shall be prioritized to provide testable flight software (implementing the most critical functions, though not necessarily complete) relatively early in the development process to facilitate early PI hardware development and integration activities.  The contractor shall facilitate Independent Verification and Validation (IV&V) insight activities conducted by NASA.

The contractor shall be certified to Software Engineering Institute Software Capability Maturity Model (SW-CMM) Level 3 (or higher), in the process of becoming certified or as a minimum have an established proven effective software assurance program that is in accordance with Software Engineering Institute Software Maturity Model Requirements.  If not, the contractor shall have an approach defined in the Contractor's Project Plan to achieve an SW-CMM Level 3, or equivalent within a year after contract award.

4.2.6. Risk Management

The contractor shall have a risk management process to control critical flight hardware, software, and documentation.  Specific attention shall be given to the control of physical and functional interfaces.  The specific process to be used by the contractor for FCF shall be defined in the FCF Risk Management Plan (DID# PM-02), per 7120.5A Section 4.3.  The contractor shall provide a status of the critical risks identified at the Technical Information Meetings as defined in the Management section.

4.3. FCF PRELIMINARY DESIGN

The contractor shall develop a preliminary design of the FCF system to meet the performance and functional requirements indicated in the FCF SRED and FCF System Specification as well as all other applicable requirements (e.g., ISS requirements).  The contractor shall design an FCF hardware/software system consisting of a Flight Segment and a Ground Segment.  The FCF delivery and deployment shall be incremental as defined in the Deliverables section of this SOW. 

The outcome of the FCF Preliminary Design is to establish, through independent engineering-review, that the proposed engineering design solution for the FCF system along with the incrementally developed FCF racks is expected to meet the performance and functional requirements.  The FCF design shall be verifiable and all interfaces and verification methodologies have been identified.  The FCF system requirements have been allocated to the rack, subsystem and component level and the flow down is adequate to verify FCF system performance.  The performance standard for successful completion of the FCF Preliminary Design efforts for each of the racks occurs upon engineering-review approval by NASA at a common Preliminary Design Review (PDR) of the FCF System that includes reviews of each of the incremental builds (CIR, FIR, & SAR).  Since, CIR will have completed a PDR prior to the contract award date, a delta-PDR will be required of CIR that ensures the CIR is an integral element within the FCF System.  The FCF Preliminary Design Review shall present a SAR concept and associated SAR requirements along with a summary of the CIR delta-PDR and FIR PDR as part of this review followed by a more detailed SAR PDR based on the development approach.  In the performance of FCF Preliminary Design efforts, the contractor shall accomplish the following:

4.3.1. Requirements

The contractor shall develop and document the preliminary design-to specifications (DID# R-01) that incorporates the FCF requirements, ISS requirements and interface requirements, including software interfaces.  Initial drafts of the CIR and FIR design to specifications are provided by NASA but shall be modified and updated to reflect the contractor's proposed design-to requirements.  Also, a preliminary ISS/FCF Interface Control Document shall be developed with the ISS Program for each of the FCF racks based on the ISS integration template.  All FCF functional requirements shall be allocated to either hardware or software with a flow-down of requirements to the subsystems and components, if applicable.  The estimated resources required of the ISS shall also be determined that includes resource allocations and appropriate margins.  Compliance with SRED basis experiments shall be determined based on the preliminary design and documented in a Requirements Compliance Matrix (DID# D-07) as part of each PDR Review package.  Manifested FCF flight PI experiments shall be substituted for a basis experiments where they are similar in requirements upon approval of NASA.  The first eight flight PI experiments manifested from each of the combustion program and fluid physics program shall be used as a validation of the FCF system design.  Compliance of the FCF system with these experiments shall be presented at the FCF System PDR.  The initial flight PI experiments shall also determine the initial configuration of the increment builds but the FCF System shall be able to accommodate the SRED requirements through upgrades and the diagnostic substitutions.

4.3.2. Design

The contractor shall develop a preliminary hardware and software design of the FCF system to meet the performance and functional requirements defined in the FCF SRED and FCF System Specification as well as all ISS interface, integration and product assurance requirements.  The preliminary design shall establish the overall FCF system architecture, identify all the external interfaces, develop an operations concept, develop initial PI flight experiment layouts, detailed drawings, mass properties, interface schematics, and preliminary materials & parts list.  The contractor shall perform engineering analyses (thermal, dynamic, acoustic, vibration, optics, etc.) as appropriate in the design of the mechanical, electrical, and system hardware.

The contractor shall design an FCF system that provides for simplified on-orbit maintenance, failure recovery, upgrade, and re-calibration within the ISS resource limitations.  Conversely, the system shall be designed such that the need to return racks to earth for repair or upgrade is highly unlikely.  The FCF system design shall utilize the conceptual designs described in the FCF BCD, CIR BSD, FIR BCD, and SAR BCD as the foundation for the preliminary design activities.  However, the contractor may deviate from the details of the existing FCF conceptual designs if necessary to achieve the performance requirements and a good benefit/cost ratio. 

The contractor shall develop a Preliminary Design Review package (DID# D-01) and described in section 5.1.1 that shows a mature understanding of the FCF mission objectives and requirements (Packaging, Structural, Thermal, Testing of components, electrical EMI) and preliminary drawings/models according to DID# D-04.  The preliminary design of the FCF System with details on each of the FCF racks (CIR, FIR, SAR) shall be documented in an FCF Baseline System Description document (DID# D-03).

The contractor shall develop a software design and initial programming in parallel with the hardware design. In particular, the contractor shall emphasize the development of hardware and software subsystems that efficiently support automated operations from the ground with minimal Astronaut involvement.  The subsystems shall allow for telescience, remote set up of on-orbit equipment, automated health monitoring, automated recovery from some failures, and other features that allow FCF to be remotely operated.  The software system shall provide for routine uploading and upgrading of all software used in FCF from the ground (from Telescience Support Center). The contractor shall be responsible for identifying and implementing all necessary hardware and software features.  The design shall clearly define the hardware/software interfaces and identify preliminary Software Requirements Document (DID# R-04).

4.3.3. Brassboard/Breadboard Development

The contractor shall produce mockups, breadboards, brassboards and subsystem prototype hardware of FCF subsystem hardware and software as required to establish feasibility and reduce risk.  In particular, certain diagnostics and other items may require testing in the Glenn Research Center drop towers or in the NASA KC-135 microgravity aircraft to assure performance in a microgravity environment.

The contractor shall minimize FCF development risk through the design, development and fabrication of the FCF subsystem brassboard hardware for each incrementally developed rack to evaluate form, fit and functional performance, as well as manufacturing techniques, to determine overall performance and compliance to the system requirements. The results of the breadboard, brassboard and/or prototype testing shall be made available for NASA review and incorporated into the FCF design.

4.3.4. Verification & Safety

The contractor shall provide assurance that the preliminary FCF design will meet all ISS safety and verification requirements.  The contractor shall perform safety hazard analysis to identify hazards and mitigation methods to assure that the proposed preliminary design does not violate any safety requirements which will endanger human life or mission success.  These analyses shall be documented in Safety Hazard Reports (DID# PA-03) and a Phase 0/1 Safety Compliance Data Package (DID# PA-05) for each rack.  The contractor shall also participate in the incremental Phase 0/1 Safety Reviews at NASA Johnson Space Center.  The safety critical structures shall also be identified through analysis and documented in a Safety Critical Structures Data Package along with a Fracture Control Plan, per DID# PA-04. 

The contractor shall develop preliminary verification plans (DID# V-01 & V-05) that identify clearly where, how, and when each function and performance requirement is verified in the FCF verification program before launch and, if applicable, how these requirements are again going to be re-verified on-orbit.

The contractor shall assure that all the chosen materials for the FCF design are properly safe and meet all material requirements for corrosion resistance, stress corrosion cracking susceptibility, outgassing, flammability, fluid compatibility, and offgassing in habitable areas (SOW 4.2.3).  The contractor shall identify material usage in a preliminary Materials Identification and Usage List (DID# PA-06) document or justify the use of non-A-rated materials (MUA) in space flight hardware if required.

4.3.5. Integration and Operations Planning

The contractor shall develop preliminary versions of the Payload Integration Agreement (DID# R-03) main volume and an ISS/FCF Interface Control Document (DID# R-02) for each rack.  These integration planning and requirements documents shall include evaluations based on the preliminary rack designs that include: payload configuration, payload training requirements, payload command and data handling requirements, ground data services requirements, payload operations requirements, and payload ground integration/deintegration requirements.

The contractor shall also identify, design and develop/procure any required ground support equipment necessary for the development and/or implementation of the FCF hardware.  This shall include identifying any transportation and handling considerations that will impose requirements on the flight hardware or support equipment.  The contractor shall also identify and design any ground simulators required for training, integration, and operations to support the FCF mission.  The identified simulators and ground support equipment concepts for each rack shall be provided as part of the PDR data packages.

The contractor shall perform and present at the design review an operational analyses indicating a high probability that, all things considered including failures and maintenance, the fully deployed FCF system will meet the FCF performance requirements within the FCF/ISS resource constraints.  The contractor shall acquire or create conceptual layouts of all 25 FCF Basis Experiments utilizing a contractor proposed combination of FCF systems and contractor proposed PI supplied hardware/software to meet the totality of each experiment’s requirements. The analyses shall indicate that 80 percent of the basis experiments can be performed in FCF (i.e., adequately meet their science requirements). The analysis shall also evaluate the impact on ground support systems.

4.3.6. Project Planning

The contractor shall update the FCF Contractor Project Plan that defines the structure, approach, and processes required to complete the final design, development, fabrication, assembly, and test of the required hardware, software, and associated infrastructure. The contractor shall also develop an FCF Software Management and Development Plan (Preliminary), per DID# PM-03, that provides the overall approach for development of the FCF software.   A life cycle costs analysis for FCF shall also be developed to include as a minimum: the direct, indirect, recurring, nonrecurring, and other related costs in the design, development, production, operation, maintenance, support, and retirement of the FCF.  The engineering plans and associated costs shall be documented in an update of the Contractor’s Project Plan.  The contractor shall also identify key risks based on the contractor’s Risk Management Plan (DID# PM-02) that requires on-going monitoring to assure compliance to requirements, schedule or costs.  The key risks shall be identified and provided to NASA along with evidence that the preliminary design will meet performance, cost, and schedule as planned as part of the PDR data package that includes any long lead items which may threaten schedule compliance are identified and/or procured.  It is anticipated that Authorization-to-Proceed (ATP) shall be requested at the FCF PDR (if not currently approved).

4.3.7. Product Assurance Plan

The contractor shall provide an FCF Product Assurance Plan (DID# PA-01) that defines product assurance approach for the FCF to assure the safety, quality and reliability based on the requirements defined in the Product Assurance section of the SOW.  The contractor shall also develop an FCF Software Assurance Plan in accordance with DID# PA-11 which describes the software management procedures, policies, and controls to be used in developing the flight software.

The contractor shall perform reliability and maintainability analysis where appropriate to assure that the FCF’s preliminary design will meet the mission requirements through reliable subsystems/components and/or through maintenance.  Reliability analysis shall determine realistic predictions for logistics planning and life cycle cost analysis based on proven reliability assessment methodologies.  The results of this analysis shall be part of the PDR data package.

4.4. FCF DESIGN AND DEVELOPMENT

The contractor shall incrementally complete the design of the FCF system to meet the performance and functional requirements indicated in the FCF SRED, FCF System Specification, rack Design-to-Specifications as well as all other applicable requirements (e.g., ISS requirements).  The contractor’s final design shall demonstrate that the FCF system (ground and flight), racks, subsystem and component level comply with the system, ISS, product assurance, and science requirements.  The outcome of the FCF Design and Development phase is to complete the design of the FCF hardware and software that meets all performance and functional requirements (unless waived by NASA) with all technical problems and design anomalies resolved without compromising system performance, reliability, and safety.  The performance standard for successful completion of this work element occurs upon NASA approval at each of the incremental builds of the FCF through a series of Critical Design Reviews (CDR).  In the performance of Design and Development efforts, the contractor shall accomplish the following:

4.4.1. Specifications and Analyses

The contractor shall generate complete system build-to specifications (DID# R-01) that includes hardware and software.  This activity shall include preparation of specifications for systems, subsystems, and, if appropriate, components.  Requirement traceability establishing the linkage of all derived requirements shall be performed to ensure verification and validation of the overall system.  All requirements allocated to software shall be documented in a Software Requirements Document (DID# R-04).

The contractor shall perform, where required, system level analyses and trade studies (DID# D-02) to optimize the FCF operating design conditions and demonstrate overall compliance with envelope requirements with an estimate of the FCF system performance based on experiment throughput.

The contractor shall update the FCF compliance documentation (DID# D-07) based on the final design to clearly indicate the traceability from each science, performance, and safety requirement through the relevant design features and test results proving that the design features actually implement the requirement. 

4.4.2. Flight Design

The contractor shall develop an overall detailed FCF design such that all requirements are achieved, unless specifically waived by NASA.  The contractor shall develop a comprehensive description of the flight design describing the resultant final design and documented in a Baseline System Description document (DID# D-03).  As part of this final design effort, the contractor shall develop overall system schematics, layouts, interface requirements and drawings, mass properties, volumetric characteristics, logistic requirements, and resource requirements.  The contractor shall develop system layouts showing the relationship of each component or subsystem, the system structure, harnessing, mounts and assembly requirements.  Fabrication and assembly drawings of the design shall be in accordance with drawing standards defined in DID# D-04.

The contractor shall develop a final software design and perform code development based on the hardware design and requirements. The software shall include simulator software, training software and ground support software, based on ISS requirements, FCF hardware requirements, and NASA software development requirements.  The contractor shall also minimize or eliminate any potential risks during software coding by developing software simulations and prototypes.  The software design shall be documented in a Software Design Document (DID# D-06) that describes the interface design, data requirements and architectural design of the software.

The NASA may perform Independent Verification and Validation (IV&V) insight activities to ensure the integrity and validity of the final design.  The contractor shall facilitate IV&V insight activities conducted by the NASA as defined by the Government Surveillance Plan. 

4.4.3. Engineering Model Development

The contractor shall minimize FCF development risk through the design, development and fabrication of the FCF engineering model hardware for each incrementally developed rack to evaluate form, fit and functional performance, as well as manufacturing techniques, to determine overall performance and compliance to the system requirements. The FCF engineering model hardware will be later upgraded, if necessary, to be used as the Experiment Development Unit (EDU).  The engineering model development and testing should be focused on the details of the engineering experiment design in meeting all of the requirements defined in the FCF system requirements.  Any hardware limitations should be identified and alternate design prototypes should be built and tested in areas where meeting a system and/or subsystem requirement may be challenging.  The results of the engineering model testing shall be made available for NASA review and incorporated into the final design.

4.4.4. Testing and Integration

The contractor shall perform required testing and integration activities associated with the Engineering Model validating the final FCF rack designs.  The results of the testing and integration activities shall be made available for NASA review and incorporated into the final design.

The contractor shall provide a liaison to the PI specific hardware teams to facilitate the integration process.  The contractor shall develop an FCF Accommodations Handbook (DID# D-05) to provide the potential experiment users the necessary information to design and integrate their hardware with FCF.  This shall also include providing data to the Mission Integration Planning element of Exhibit 2, ISS Operations, in the development of generic “blank book” integration templates to assist in the development of the individual Interface Control Documents (ICD), Integration Agreements (IA), and Payload Verification Plans (PVP).  The contractor shall also develop a generic FCF integration schedule to be used by the PI specific experiment developers that includes data set and engineering product deliverables.

4.4.5. Verification and Safety

The contractor shall develop a final, comprehensive Verification Plan (DID# V-01 & V-05) for each FCF rack to assure that the FCF hardware and associated software will meet all defined requirements.  Individual Item Verification Plans (DID# V-02) shall also be developed to identify clearly where, how, and when each function and performance requirement is verified in the verification program before launch and, if applicable, how these requirements are again going to be verified on-orbit.

The contractor shall assure that all the chosen materials for the experiment design are properly safe and meet material requirements for corrosion resistance, stress corrosion cracking susceptibility, outgassing, flammability, fluid compatibility, and offgassing in habitable areas (SOW 4.2.3).  The contractor shall identify material usage in a final Materials Identification and Usage List (DID# PA-06) document or justify the use of non-A-rated materials (MUA) in space flight hardware if required.

The contractor shall provide assurance that the final design will meet all ISS safety and verification requirements.  The contractor shall perform an integrated safety analysis of the final FCF design to demonstrate that there are no outstanding hazards that cannot be controlled or are within an acceptable risk level if waivers are required.  These analyses shall be documented in Safety Hazard Reports (DID# PA-03) and a Phase 2 Safety Compliance Data Package (DID# PA-05) for each FCF rack.  The contractor shall also participate in the incremental Phase 2 Safety Reviews at the NASA Johnson Space Flight Center.  The safety critical structures shall also be identified through analysis and documented in a final Safety Critical Structures Data Package as part of the CDR Data Package (DID# D-01).

4.4.6. Carrier Integration, Operations & Training Planning

The contractor shall perform the analysis and implementation planning necessary to define, prepare for and execute the long-term operation of the FCF, including design or development of any equipment required for operations.  The contractor shall prepare the FCF’s operational requirements and plans, operations concepts, mission profiles, mission rules, crew procedures and timelines, and contingency plans. The operations requirements with the carrier shall be documented in a preliminary Payload Operations Requirements Data Set (DID# R-03) based on ISS’s integration template.

The contractor shall document the experiment’s with the carrier in a preliminary Payload Configuration Data Set (DID# R-03) based on the ISS’s integration template.

The contractor shall prepare FCF training requirements and plans, training aids, models, simulators, software, and other training necessary for ground and flight operations.  The simulator requirements shall include FCF subsystem simulators required for the PI hardware development teams.  The training requirements with the ISS shall be documented in a Payload Training Requirements Data Set (DID# R-03) based on the ISS’s integration template.

The contractor shall prepare ground data services requirements and plans necessary for ground and flight operations on the ISS.  The ground data service requirements with the ISS shall be documented in a Ground Data Services Data Set (DID# R-03) based on the ISS’s integration template.

The contractor shall perform the integrated logistic analyses required to formulate optimum spares provisioning and maintenance strategies for the minimum life of ten years for the FCF.  The transportation and handling of the FCF hardware and associated ground support equipment shall be identified.  The results of these analyses shall be incorporated and maintained in the FCF Integrated Logistics Support Plan per DID# OP-01.  The contractor shall also determine the predicted reliability of the FCF system hardware.

The contractor shall define the overall FCF ground segment operational plans that will consist of utilizing a three rack Ground Integration Unit (GIU), a three rack Hardware Development Unit (EDU), a three rack Payload Training Center Unit (PTCU) at JSC, ground support equipment, FCF unique telescience equipment used during missions operations, and other identified items.

4.4.7. Project Planning

The contractor shall develop a detailed Assembly, Integration, and Test Plan (DID# V-12) of for the required activities that includes ISS integration as part of CDR review.  The plan shall include a schedule with parts procurement, fabrication, and the acquisition activities required.  The closeout of all PDR actions shall also be documented as part of the CDR package (DID# D-01) and as described in section 5.1.2. 

4.5. FCF FABRICATION, ASSEMBLY AND TEST

The contractor shall fabricate, assemble, test, verify, and deliver the FCF hardware, software, and documentation.  The outcome of the FCF Fabrication, Assembly and Test phase is to provide an operational FCF system that satisfies the ultimate user.  This involves the incremental development of a certified FCF flight system, all-necessary development and qualification hardware and software; ground/flight/logistics support equipment, spare parts required to sustain the system and required integration documentation.  The performance standard for successful completion of this work element occurs upon engineering-review approval by NASA at the incremental Pre-Ship Reviews (PSR) for each rack and Certification for Flight Readiness.  In performance of fabrication, assembly and test effort, the contractor shall accomplish the following:

4.5.1. Mission Integration

The contractor shall perform mission and technical integration efforts necessary to assure delivery of a fully functional FCF system (flight and ground unit) which satisfies all applicable ISS and science requirements.  The contractor shall ensure compatibility of the racks and major subsystems with each other and shall assure compatibility of the total system with all required test facilities, the ISS and the transportation system (Multi-Purpose Logistic System).  The contractor shall be responsible for development of the appropriate ISS integration documentation and its annexes (DID# R-03) in accordance ISS integration requirements.  This includes developing and delivering the required interface and operational data in the appropriate ISS integration format, supporting the carrier integration working groups and panels, and developing the required safety, operation, and training documentation.  Functional, thermal, fracture control, and fatigue analyses shall be also be performed as required in accordance with the ISS requirements to demonstrate that the FCF hardware design satisfies ISS system requirements. 

4.5.2. Flight & Ground Integration Units

The contractor shall incrementally fabricate, assemble, and test FCF flight hardware and software in the completion of the FCF system (CIR, FIR, SAR) that meets the specifications, quality and product assurance requirements.  The fabrication shall be documented to provide a clear record of all procedures performed, the order of performance, any anomalies, any deviations, any waivers, and other issues so that the hardware meets all traceability requirements needed for flight certification.  The Flight Unit shall be subjected to acceptance test levels and durations with its intended use to be operational in space as defined in the Verification Plan.

The contractor shall fabricate a Ground Integration Unit to be used for ground integration activities with the PI hardware, trouble shooting of the on-orbit hardware, and the checkout of proposed upgrades to the on-orbit hardware.  This unit is typically identical to the Flight Unit, where practical, but will not receive full flight qualification testing.

The contractor shall design, fabricate/procure, assemble and verify the hardware necessary for handling, transporting, storing, and qualifying the flight unit, ground unit and trainer  (hardware and software) in accordance with the ground support design requirements.   The contractor shall supply and maintain the spare parts required supporting the flight and ground-based hardware as defined in the FCF Integrated Logistics Support Plan.  All fabrication, inspection, checkout, acceptance test, and preparation for delivery requirements, applicable to deliverable hardware and software, shall also apply to the spare items furnished.

The contractor shall develop, verify, validate, and maintain all software necessary to control and utilize the FCF hardware deliverables.  The contractor shall install and verify/validate all FCF software necessary for the operation of all developed hardware that includes the Ground Integration Units, Flight Units, Experiment Development Units, Trainers, interface verification, ground support equipment, and simulators.

The contractor shall provide an Integration Data Package (DID # V-11) for each delivered FCF Experiment Development Unit (CIR, FIR, & SAR) but does not require CoFR approval and will require a GRC Safety Permit approval prior to operation.

4.5.3. Installation, Assembly & Checkout (IACO)

The Contract shall conduct all necessary activities as defined in the FCF Assembly, Integration, and Test Plan to ensure the successful integration of all hardware and software with the ISS.  These activities shall be in accordance with the ISS integration documentation to ensure that FCF hardware and software will comply with all ISS facility certification requirements, as well as to ensure that all operational, safety, and reliability requirements are met.  Results of this task shall be reported in accordance with the FCF Verification Plan (Certification Certificates).  The contractor shall provide calibration, proof testing, dynamic balancing and integrated operation of the FCF system and functional checkout of the fabricated systems.  The IACO activities for FCF shall be performed at NASA GRC’s Building 333 where an ISS Payload Rack Checkout Unit will be available for contractor use and operation.  The contractor shall be responsible for having certified PRCU operators available in the operation of the PRCU with PRCU maintenance activities covered under Exhibit 2.  The contractor shall inspect all work prior to final acceptance to insure compliance to requirements.  A written inspection report shall be delivered with the completed hardware as part of the Integration Data Package (DID# V-11).

4.5.4. Verification and Safety

The contractor shall conduct qualification, acceptance and verification activities (test, analysis, etc.) on components, subsystems and combined assemblies.  These activities shall be in accordance with the FCF Verification Plan (DID# V-01 & V-05) to assure that the FCF hardware and associated software meets all defined requirements.  The contractor shall verify integrated performance, assembly interactions, and interfaces, as appropriate.   Unless furnished by NASA, the contractor shall provide all test support equipment, test fixtures, ground support equipment, and simulators, required in the performance of the verification tests.  The contractor shall provide the PI hardware development teams the appropriate FCF simulators to assist in the initial development activities. The contractor shall generate and maintain a requirement management and closeout system to ensure and document that the verification program addresses all design and performance requirements requiring verification and all verification requirements are closed-out.  The closeout system shall maintain verification and assessment reports, certification statements, and comprehensive verification reports (DID # V-04 & DID# V-08).  The FCF system verification tests shall include science verification & validation tests that includes an assessment of the system performance by the basis experiments or equivalent to ensure that the hardware can successful perform the functions required to meet the science envelope requirements.  The FCF Software shall also be verified and validated based on a Software Verification and Validation Plan (DID# V-09) with the results documented in a Software Verification and Validation Report (DID# V-10).

The contractor shall provide assurance that the experiment system meets all ISS safety and verification requirements.  The contractor shall perform an integrated safety analysis and test of the flight hardware that shows that there all hazards are controlled or approved waivers have been approved detailing acceptable risk level.  These analyses and test shall be documented in Safety Hazard Reports (DID# PA-03) and a Phase 3 Safety Compliance Data Package (DID# PA-05) for three individual racks.  The contractor shall also participate in the Phase 3 Safety Review at NASA Johnson Space Flight Center.

The contractor shall perform acceptance testing of the flight and ground racks and overall FCF system to validate that the FCF as-built configuration meets specifications, FCF can be calibrated or re-calibrated on-orbit, and accomplish mission simulations.  Each mission simulation shall simulate the installation, setup, running, and de-installation of at least one PI experiment (applicable to CIR, FIR, and SAR). The contractor shall obtain, as part of the verification process, the ISS Certification of Flight Readiness-1 (DID# V-11) in accordance with SSP 52054, ISSP Payloads Certification of Flight Readiness (CoFR) Implementation Plan.

4.5.5. Operations Capability Development

The contractor shall develop procedures for crew tended, untended, and off-nominal operations with the input and approval of ISS representatives, including ISS Flight Safety.  The contractor shall deliver any hardware or software required for operations capability such as simulators or data processing equipment to support the mission.

The contractor shall conduct logistics support analyses to determine the support required for pre-flight and on-orbit, operations of FCF hardware and software.  Based on the logistics support analyses and other inputs, the contractor shall provide adequate flight and non-flight spares.  The analyses shall include plans for the most efficient physical transfer of flight and non-flight items required supporting the FCF operations.  The contractor shall provide the physical packaging, handling, storage, and transportation of all flight and non-flight items.  A final Integrated Logistics Support Plan (DID# OP-01) shall be provided that documents the FCF’s integrated logistics support approach.

4.5.6. Crew Trainer

The contractor shall develop the FCF Payload Training Center Unit (PTCU) and any identified part-task trainers for the crew.  The contractor shall develop and support the installation of the PTCU at the NASA Johnson Space Flight Center.  The contractor shall work with the ISS training organization to finalize the requirements for PTCU trainer, along with inputs from the PI teams and flight crew.  Initial requirements for the FCF PTCU are defined in the ISS Payload Simulator Requirements Document (Preliminary).  The contractor shall provide an Integration Data Package (DID # V-11) for each delivered FCF Payload Training Center Unit but does not require CoFR approval or ground safety approval.

4.5.7. Carrier Integration

The contractor shall be responsible for all ground servicing at the launch site (e.g. KSC) to ensure the successful integration of all FCF hardware with the ISS’s transportation system (MPLM on the STS). The contractor personnel shall actively participate in the launch processing team activities and shall add/modify requirements, concur on procedures, analyze data, make engineering recommendations and decisions required by conditions not within specifications.  The contractor’s launch site activities shall be in support of the payload ground operations effort provided by NASA’s launch site personnel.  Specifically the contractor is responsible for developing and implementing the FCF Launch Site Operations and Test Procedures (DID# OP-04).  The launch site operation support shall consist of developing pre-launch requirements for testing, servicing, monitoring tests, evaluating test data, maintaining records of the tests, and provide engineering expertise to resolve hardware/software problems. The contractor shall ensure the FCF hardware has been properly tested and support Launch Readiness Reviews (LRRs) and Flight Readiness Reviews (FRRs) with engineering and management data to ensure the FCF hardware is ready for flight.  Following verification of flight readiness, the flight hardware and associated documentation shall be provided to the launch element manager for pre-flight processing and launch.

4.5.8. Product Assurance

The contractor shall implement the FCF Product Assurance Plan (DID# PA-01) in the performance of the hardware and software development, test, qualification and verification.  The contractor shall maintain and provide to NASA the failure history of the hardware and software along with remedial and preventive actions taken.  The contractor shall provide identification of any specification waivers and deviations (DID# PM-05) required along with the basis for approval.  The contractor shall also maintain the status of limited life components of the FCF system.

4.5.9. FCF Support of PI Hardware Development and Operations

The contractor shall provide support to six (three combustion science and three fluid physics) PI hardware development teams developing the PI hardware for initial FCF utilization.  The contractor shall consider the PI hardware teams to be customers of the FCF system being developed under this SOW.  The contractor shall assist the PI hardware development teams in developing the PI experiment hardware and software to be compatible with the FCF system.  The contractor provided support shall include, but not be limited to, providing documented FCF to PI hardware and software interfaces, providing consultation, providing appropriate subsystem simulators (power, avionics, imagers, diagnostics, etc.) for imaging/diagnostic development and software development and making FCF subsystem hardware and software available for PI team testing through PDR development.  The contractor shall provide PI hardware teams (developing hardware for the initial flights: UF-3/UF-5 and other PI hardware experiments under development during this FCF development period) access to FCF mock-ups, simulators, brassboard hardware/software, and engineering hardware/software.  Access may be required at 24 months before launch, and the contractor shall plan to establish and meet the actual requirement for access.

4.6. INITIAL OPERATIONS

The contractor shall be responsible for the initial installation, checkout, calibration and operation of the FCF racks (flight and ground segment equipment) that includes the initial operation with the first PI hardware to verify system performance (e.g., first on-orbit PI experiment for the CIR, first on-orbit PI experiment for the FIR, first CIR and FIR PI experiments after SAR deployment).  The outcome of the Initial Operations phase is to obtain ISS Certification of Flight Readiness-2 (on-orbit) and operate the initial PI experiment to acquire the required scientific data for the PI.  The performance standard for successful completion of this work element occurs upon achieving greater than 90% of the initial PI’s objectives with the FCF hardware.  In performance of initial operations effort, the contractor shall accomplish the following:

4.6.1. FCF On-Orbit Checkout

The contractor shall verify the post-launch performance and state-of-health of the FCF System and/or individual racks.  All systems must be verified for proper function and performance.

4.6.2. FCF On-Orbit Verification & Calibration

The contractor shall perform an on-orbit performance verification program in accordance with the FCF Verification Plan that will confirm that the FCF hardware and software performance is in accordance with the FCF mission requirements, specifications, and interfaces.  The contractor shall verify proper operations of all interfaces (ground and flight) and perform the necessary on-orbit and ground calibrations.  These tests shall include, but not be limited to, setting up and operating the equipment and software in a widely scoped set of nominal and off nominal conditions. After on-orbit verification and calibration tests are complete, the contractor shall update FCF documentation to clearly indicate the actual performance for the PI hardware teams to utilize in their development activities.

4.6.3. Initial PI Performance & Acceptance

The scope of the post-deployment acceptance tests shall include the first period of operation for the intended purpose (e.g., running the first PI experiments in the CIR and FIR; running the first fluid physics PI experiments and the combustion science PI experiments after deployment of the SAR).   The contractor shall operate the initial PI hardware to obtain on-orbit performance of the FCF compared to its predicted performance.  Each subsystem and its associated performance are to be monitored and evaluated.  All pertinent issues affecting mission success shall be addressed.  The contractor shall develop a report that summaries the FCF performance for each rack after launch and checkout to determine initial mission success and completion payment milestone status.  NASA shall accept the FCF equipment after successful, documented completion of the on-orbit verification and acceptance tests (DID# V-11).

5. Deliverables

5.1. FCF MILESTONES

The contractor shall plan to have FCF Fight Unit equipment ready for launch to support Utilization Flights (UF) UF-3, UF-5, and UF-7 per Table 5.1. The contractor shall deploy the CIR, FIR, SAR and associated flight and ground segment equipment incrementally.  The contractor shall prepare and work to a NASA approved Contractor Project Plan (DID# PM-01) with schedule of deliveries of supporting equipment and software to support these flights.  

Successful completion of each review includes the following:

· Delivery of a presentation package no later than two (2) weeks prior to each review

· Delivery of supporting documentation no later than six (6) weeks prior to each review

· Formal review presentation

· Delivery of all items listed for each review

· Documented closure of any actions submitted at prior reviews

· Review board determination of adequacy of all deliverables (documented in the review board’s assessment report)

The review board’s assessment report shall be issued within four (4) weeks of the review.  Individual documents shall be reviewed by NASA and approved, approved with modification, or disapproved.  Any documents disapproved by NASA will require re-submittal and re-review until approved by NASA.

The descriptions of the major milestone reviews are provided in the following sections.

Table 5.1 FCF Milestone Reviews

Milestone
Date
Location

FCF Preliminary Design Review
To Be Proposed
To Be Proposed

     CIR Delta-PDR
Part of FCF PDR


     FIR PDR
Part of FCF PDR


SAR PDR
To Be Proposed
To Be Proposed

CIR Critical Design Review
To Be Proposed
To Be Proposed

FIR Critical Design Review
To Be Proposed
To Be Proposed

SAR Critical Design Review
To Be Proposed
To Be Proposed

FCF Verification & Test Review
To Be Proposed
To Be Proposed

CIR Pre-Ship Review
L-6 months
NASA GRC

FIR Pre-Ship Review
L-6 months
NASA GRC

SAR Pre-Ship Review
L-6 months
NASA GRC

FIR Phase 1 Safety Review  
To Be Proposed
NASA JSC

SAR Phase 1 Safety Review 
To Be Proposed
NASA JSC

CIR Phase 2 Safety Review - Flight
To Be Proposed
NASA JSC

FIR Phase 2 Safety Review - Flight
To Be Proposed
NASA JSC

SAR Phase 2 Safety Review - Flight
To Be Proposed
NASA JSC

CIR Phase 2 Safety Review - Ground
To Be Proposed
NASA KSC

FIR Phase 2 Safety Review - Ground
To Be Proposed
NASA KSC

SAR Phase 2 Safety Review - Ground
To Be Proposed
NASA KSC

CIR Phase 3 Safety Review - Flight
To Be Proposed
NASA JSC

FIR Phase 3 Safety Review  - Flight
To Be Proposed
NASA JSC

SAR Phase 3 Safety Review - Flight
To Be Proposed
NASA JSC

CIR Phase 3 Safety Review - Ground
To Be Proposed
NASA KSC

FIR Phase 3 Safety Review - Ground
To Be Proposed
NASA KSC

SAR Phase 3 Safety Review - Ground
To Be Proposed
NASA KSC

CIR Launch on UF-3
February 2003
NASA KSC

FIR Launch on UF-5
September 2003
NASA KSC

SAR Launch
April 2006
NASA KSC

CIR Readiness Review & Acceptance
L+TBP Months
NASA GRC

FIR Readiness Review & Acceptance
L+TBP Months
NASA GRC

FCF Readiness Review & Acceptance
L+TBP Months
NASA GRC

5.1.1. Preliminary Design Review

The Preliminary Design Review is a formal technical review of the system design and development approach.  The PDR is conducted after the completion of the preliminary design synthesis and before the detailed design process.  This review shall be conducted prior to the fabrication of an engineering model of the flight experiment (except for the CIR, which will require a Delta-PDR to ensure the CIR will properly function as part of the FCF System).  Successful completion of this review will be based upon the following success criteria:

· Compliance of the system FCF design with the science and ISS requirements is documented or demonstrated.

· Functional and performance requirements of the entire FCF system are documented and shown to be appropriate.

· Breadboard/brassboard/prototype level testing directed at resolving feasibility issues is presented and reviewed.

· Compliance with appropriate design guides and standards, including safety and quality are shown.

· Existence and compatibility of the physical and functional interfaces, including software is established.

· Special test equipment or tooling requirements is determined.  

· Long lead part procurements and associated risks are determined.

· Review the disposition of any past review action items provided to the contractor.

· Submit for review and NASA approval the Contractor’s Project Plan (DID# PM-01) which includes the approach, work breakdown structure, configuration management approach, hardware/software development and test philosophy, schedules, and costs. 

· Methodology used to develop the cost estimate, and costs by work breakdown structure is reviewed.

· Document and submit for review the technical, schedule, and cost risks of the FCF in accordance with the FCF Risk Management Plan.

A NASA appointed review board shall assess the status of the project in regard to the above items, recommend whether or not to proceed with the project into the software and engineering model development and test and the flight design phase, identify any concerns that exist, and recommend any actions to be taken to enhance the success of the next phase of the project.

PDR Minimum Deliverables required:

· Design-to Specifications

· PDR Presentation Package

· Preliminary Structure Design & Analysis

· Preliminary Thermal Analysis

· Preliminary Reliability Analysis 

· Preliminary Environmental Testing Requirements

· Draft Payload Integration Agreement & Interface Control Document (w/ carrier organization)

· Safety, Flight & Ground, Phase 0/ 1 Data Package and associated Safety Hazard Reports

· Preliminary Baseline System Descripiton document

· Preliminary Requirements (Engineering and Science) Compliance Matrices

· Preliminary Verification Plan

· Product Assurance Plan

· Software Assurance Plan

· ISS/FCF Interface Control Document (Preliminary)

· Preliminary FCF/PI Interface Control Document "Blank Book"

· Software Management and Development Plan

· Draft Software Requirements Document

· Software Preliminary Design Document

· Documented results of software prototypes

· Packaging Layouts

· Breadboard/Brassboard/Prototype Test Results

· Ground Support Equipment and  Flight Support Equipment Requirements

· Revised Contractor Project Plan

5.1.2. Critical Design Review

The Critical Design Review is a formal technical review conducted after the design has reached the degree of completion needed to permit a comprehensive and detailed examination and data analysis.  This review shall be conducted after the review of engineering model system testing and/or prior to release of drawings for fabrication of the end item hardware.  The goal is to have 90 percent of the flight hardware drawings released at the time of the CDR.  Successful completion of the CDR and close out of all action items provides the technical definition for the end item baseline.  Successful completion of this review will be based upon the following success criteria:

· The detailed design satisfies the design requirements established in the governing specification unless waivers or exceptions have been approved.

· Results of the engineering model system tests and any impact on the flight hardware specifications or design have been incorporated into the design.

· Interface relationships that must exist between the end item and the payload carrier (e.g. ISS, MPLM) have been documented.

· Predicted performance of the hardware including reliability has been completed.

· Compliance with all requirements including safety and quality requirements.

· Controls of safety hazards have been identified and reviewed.

· Adequacy of the packaging of all subsystems.

· Effectiveness of the design for fabrication and test has been determined.

· Fabrication plans and the progress in the identification and acquisition of required special tooling or fixtures is reviewed.

· Test plans, including preparation of any special test equipment, and software test plans and procedures are documented.

· Document and submit for review the technical, schedule, and cost risks of the proposed experiment in accordance with the FCF Risk Management Plan.

A NASA appointed review board shall assess the status of the project with respect to the above items, recommend whether or not the project should proceed to the flight hardware fabrication, integration, and test phase, identify any concerns that should be addressed, and recommend any actions that should be taken to enhance the success of the next phase of the project.

CDR Minimum Deliverables required:

· 90% of Drawings

· Software Design Document

· Software Verification and Validation Plan

· Thermal & Structural Analysis

· Interface Control Document

· Payload Interface Agreement

· Reliability Analysis 

· Phase 2 Safety Package with Preliminary Verification Analysis

· Baseline System Description document

· Science and Engineering Compliance Matrices

· Preliminary FCF/PI Verification Plan "Blank Book"

· Preliminary Data Delivery Plan

· Integrated Logistics Support Plan (draft)

· FCF Verification Plan

· Engineering Model Test Results

· PDR RFA Closeout

· GSE Design

· Assembly, Integration and Test Plan

5.1.3. Verification and Test Review

An FCF Verification and Test Review (V&TR) shall be conducted prior to the assembly of the rack (subassemblies may be assembled). The overall purpose of the review is to present the overall integration and test plan for the hardware and software and obtain approval of NASA to commence environmental and verification testing. The specific purposes of the review are to:

· Assess the process in which the science, engineering, ISS and safety requirements shall be verified through the testing of the hardware and software. The process shall include the rationale for testing (i.e., testing high risk subsystems before system assembly etc.) and have direct traceability to the science, engineering and safety requirements.

· Assess the verification test plan which shall include test levels (i.e. thermal, vibratory, EMI, and radiation etc.) and test durations (i.e., # of thermal cycles, vibration duration etc.) of the hardware and software subsystem/systems.  The verification test plan shall include the expected carrier vibration, EMI/susceptibility, thermal and radiation levels.

· Review assembly procedures to assess the link with the test plans.

· Assess the risk mitigation plan for compliance with all science, engineering and safety verifications.

· Review the definition of the work to be accomplished during verification and environmental testing.

NASA appointed review board shall assess the status of the flight experiment test plan and recommend whether to proceed with the presented test plan or to modify the presented test plan. NASA appointed review board shall also make an independent judgment of the risks involved in any areas, and identify any concerns which would affect the success of the flight experiment.

V&TR Minimum Deliverables:

· Science and Engineering Compliance Matrix

· Verification Plan

· Assembly, Integration and Test Plan

· Software Verification and Validation Plan

· Integrated Logistics Support Plan (final)

· Reliability Analysis

· Environmental, Verification and Safety Test Risk Assessments

5.1.4. Pre-Ship Review

A preship review is a formal review conducted prior to shipment of the flight experiment to the launch site for integration.  The overall purpose of the review is to obtain approval of the Center management that the flight experiment meets all requirements and is ready to be shipped.  Successful completion of this review will be based upon the following success criteria:

· The flight worthiness and readiness of the flight experiment hardware and software; ground support hardware and software; and science operations plans will be reviewed.

· Results of the verification testing including any specifications that were waived because of non-compliance and any significant modifications made to the flight experiment will be reviewed for completeness and meeting specifications.

· All significant non-conformances and functional failures are provided to assess for corrective action and closeout.

· The plans are completed and appropriate following shipment of the hardware for integration.

NASA appointed review board shall assess the status of the flight experiment and recommend whether or not to ship the flight experiment to the launch site, make an independent judgment of the risks involved in any areas, and identify any concerns which would affect the success of the flight experiment.

PSR Minimum Deliverables:

· 100% of As-Built Drawings

· Thermal & Structural Analysis (final)

· Launch Site Operations and Test Procedures (final)

· Reliability Analysis (final)

· Phase 3 Safety Package with Final Verification Analysis

· Software Code

· Software Verification and Validation Reports

· Baseline System Description document (final)

· Science and Engineering Compliance Matrices (final)

· Integration Documentation required of the ISS Program

· Integration Data Package that including non-conformances, failure reports, etc.

· V&TR RFA Closeout

· PSR Presentation Package

· GSE Drawings

5.1.5. Readiness and Acceptance Review

A Readiness Review and Acceptance Review is a formal review conducted after ISS installation, integration and initial checkout and operations.  The overall purpose of the review is to obtain NASA approval and final acceptance of the FCF flight racks.  Successful completion of this review will be based upon the following success criteria:

· The on-orbit readiness of the flight experiment hardware will be reviewed based on the results of on-orbit checkout of the hardware and/or software

· Results of the on-orbit verification and calibration testing including any specifications that were waived because of non-compliance and any significant modifications made to the on-orbit flight configuration will be reviewed for completeness and meeting specifications.

· All significant non-conformances and functional failures are provided to assess for corrective action and closeout.

5.2. HARDWARE/SOFTWARE

The first incremental build of the FCF, Flight Segment Combustion Integrated Rack (CIR) and associated equipment, shall be deployed on ISS Utilization Flight 3 (UF-3).  The second incremental build of the FCF, Flight Segment Fluids Integrated Rack (FIR) and associated equipment, shall be deployed on UF-5.  The final incremental build of the FCF, Flight Segment Shared Accommodations Rack (SAR) and associated equipment, shall be deployed on UF-7.  The associated Ground Integration Unit (GIU), Experiment Development Unit (EDU), and Payload Training Center Unit (PTCU) racks and equipment shall be delivered and deployed as required to support Flight Segment deployment.  The EDU and PTCU racks shall be deployed to meet the requirements of the PI hardware development and crew training requirements, respectively.  The contractor shall determine the most effective method to shall support production of the PI hardware needed for the initial ISS operations.

The contractor shall deploy the FCF ground segment Ground Integration Unit racks in the Glenn Research Center building 333.  These include the CIR, FIR, and SAR GIU.  The contractor shall deploy the FCF flight segment racks, stowage and flight support equipment to the US Lab of the International Space Station. These include the CIR, FIR, and SAR FU.  The contractor shall deploy the FCF ground segment Experiment Development Unit racks in the Glenn Research Center building 333.  The contractor shall deploy the FCF Payload Training Center Unit racks and associated equipment and software to the Johnson Space Center.  These include the CIR, FIR, and SAR PTCU along with any partial task simulators.  The contractor shall deploy FCF Telescience equipment and flight operations software in the Glenn Research Center Telescience Support Center located in building 333.  The contractor shall deploy all FCF ground segment support equipment and software in the Glenn Research Center building 333.  The contractor shall deploy the FCF mock-up (minimal functions) racks in the Glenn Research Center building 333.  The FCF mock-up shall provide a visual and limited mechanical functioning that can demonstrate the FCF system (i.e., optical bench tilt, camera & diagnostic change-out, basic functional capability) for public relation activities.

Table 5.2 FCF Major Items to Deploy

Deliverables
Destination
Date

Incremental Build 1: Combustion Integrated Rack (CIR)

Month/Yr

CIR Flight Unit w/ Software
ISS US Lab
2/2003

CIR Experiment Development Unit (EDU) w/ SW
GRC bldg. 333
TBP*

CIR Ground Integration Unit (GIU) w/ SW
GRC bldg. 333
TBP

CIR Payload Training Center Unit (PTCU) w/ SW
NASA JSC
8/2001

CIR Flight and Ground Spares
GRC bldg. 333
TBP

CIR Ground Support Equipment
GRC bldg. 333
TBP

CIR Partial Task Trainers
NASA JSC
8/2001

CIR High Quality Mock-up w/ "USLAB"
GRC bld. 333
TBP

Incremental Build 2: Fluids Integrated Rack (FIR)



FIR Flight Unit w/ Software
ISS US Lab
9/2003

FIR Experiment Development Unit (EDU) w/ SW
GRC bldg. 333
TBP

FIR Ground Integration Unit (GIU) w/ SW
GRC bldg. 333
TBP

FIR Payload Training Center Unit (PTCU) w/ SW
NASA JSC
4/2002

FIR Flight and Ground Spares
GRC bldg. 333
TBP

FIR Ground Support Equipment
GRC bldg. 333
TBP

FIR Partial Task Trainers
NASA JSC
4/2002

FIR High Quality Mock-up
GRC bld. 333
TBP

Incremental Build 3: Shared Accommodations Rack (SAR)



SAR Flight Unit w/ Software
ISS US Lab
4/2006

SAR Experiment Development Unit (EDU) w/ SW
GRC bldg. 333
TBP

SAR Ground Integration Unit (GIU) w/ SW
GRC bldg. 333
TBP

SAR Payload Training Center Unit (PTCU) w/ SW
NASA JSC
10/2004

SAR Flight and Ground Spares
GRC bldg. 333
TBP

SAR Ground Support Equipment
GRC bldg. 333
TBP

SAR Partial Task Trainers
NASA JSC
10/2004

SAR High Quality Mock-up
GRC bldg. 333
TBP

*TBP - To Be Proposed  (identified in Contractor's Project Plan)

5.3. DOCUMENTS

The FCF data deliverables are summarized in Table 5.3.  Existing drafts of some of the documents exist and are indicated in Table 5.3.  It is anticipated that certain documents will be a single document updated to reflect the latest design or integration information as the racks are incrementally developed, i.e. FCF Accommodations Handbook.  The contractor shall determine the most cost effective and beneficial method to organize the required documentation for dissemination to the effected organizations.

Table 5.3 FCF Data Deliverables

Deliverable
Draft
Version*
Date

Fluids and Combustion Facility (FCF)




FCF Contractor Project Plan 
No
Current
Proposal

FCF Configuration Management Plan 
Yes
Final
FCF PDR

FCF Product Assurance Plan 
Yes
Final
FCF PDR

FCF Performance Measurement Reports 
No
Current
Monthly

FCF System Specification 
Yes
Final
FCF PDR

FCF PDR Review Package
No
Final
FCF PDR

FCF V&TR Review Package
No
Final
FCF V&TR

FCF Baseline System Description
Yes
Current/ Final
Quarterly/      SAR CDR

FCF System Safety Plan
No
Final
FCF PDR

FCF Ground Segment System Specification
No
Preliminary/Final
FCF PDR/     CIR CDR

FCF Software Assurance Plan 
No
Preliminary/Final
FCF PDR/     CIR CDR

FCF Software Management and Development Plan 
No
Preliminary/Final
FCF PDR/     CIR CDR

FCF Risk Management Plan 
Yes
Final
FCF PDR

FCF Master Verification Plan 
Yes
Preliminary/Final
FCF PDR/     FCF T&VR

FCF Payload Integration Agreement 
Yes
Preliminary/Final
FCF PDR/     CIR CDR

FCF Integrated Logistics Support Plan
Yes
Preliminary/ Final
CIR CDR/            FCF V&TR

Incremental Build 1: Combustion Integrated Rack (CIR)
Draft
Version*
Date

CIR Design-To Specifications
Yes
Final
FCF PDR

FCF/ISS Interface Control Document (CIR)
Yes
Final
FCF PDR

CIR Requirements Compliance Matrix
Yes
Preliminary/Final
CIR CDR/     CIR PSR

CIR As-Built Drawings
No
Final
CIR PSR

CIR MIUL/MIA’s
No
Draft/ Preliminary/Final
FCF PDR/     CIR CDR/     CIR PSR

CIR Baseline System Description
Yes
Preliminary/Final
FCF PDR/      CIR CDR

FCF Software Requirements Document (Incremental Build 1)
No
Preliminary/ Final
FCF PDR/     CIR CDR

CIR Safety Hazard Report
Yes
Preliminary/ Final
CIR Ø2 Safety/     CIR Ø3 Safety

CIR Build-to Specifications
No
Final
CIR CDR

CIR Phase 2 Safety Compliance Data Package
No
Final
CIR Ø2 Safety

FCF Software Design Document (Incremental Build 1)
No
Final
CIR CDR

FCF Accommodations Handbook (CIR)
Yes
Final
CIR CDR

CIR Safety Critical Structures Data Package
No
Preliminary/ Final
FCF PDR/     CIR CDR

CIR Fracture Control Plan
No
Final
CIR PDR

CIR Operation Requirements Data Set
No
Preliminary/ Final
ISS Integration Template

CIR Training Requirements Data Set
No
Preliminary/ Final
ISS Integration Template

FCF P/L Configuration Data Set (CIR)
No
Preliminary/ Final
ISS Integration Template

FCF Ground Data Services (CIR)
No
Preliminary/ Final
ISS Integration Template

CIR Assembly, Integration, and Test Plan
No
Final
CIR CDR

Software Verification and Validation Plan (Increment Build 1)
No
Final
FCF V&TR

Software Verification and Validation Report (Increment Build 1)
No
Final
CIR PSR

CIR delta-PDR Review Data Package
No
Final
CIR delta-PDR

CIR CDR Review Data Package
No
Final
CIR CDR

CIR PSR Review Data Package
No
Final
CIR PSR

CIR - FU Integration Data Package
No
Preliminary/Final
CIR PSR/      CIR RAR

CIR - GIU Integration Data Package
No
Final
TBP

CIR - PTCU Integration Data Package
No
Final
TBP

CIR Phase 3 Safety Compliance Data Package. - Ground
No
Final
CIR Ø3 Safety - Ground

CIR Phase 3 Safety Compliance Data Package - Flight
No
Final
CIR Ø3 Safety

CIR Launch Site Operations and Test Procedures
No
Preliminary/ Final
FCF V&TR/   CIR PSR

CIR Verification Plan
No
Preliminary/ Final
FCF PDR/     FCF V&TR

CIR Mission Suitability & Performance Acceptance Plan
No
Preliminary/ Final
FCF V&TR/   CIR PSR

CIR Mission Suitability and Performance Acceptance Report
No
Final
CIR RAR

Incremental Build 2: Fluids Integrated Rack (FIR)
Draft
Version*
Date

FIR Design-To Specifications
Yes
Final
FIR PDR

FCF/ISS Interface Control Document (FIR)
No
Final
FIR PDR

FIR Requirements Compliance Matrix
Yes
Preliminary/Final
FIR PDR/      FIR CDR       

FIR As-Built Drawings
No
Final
FIR PSR

FIR MIUL/MIA’s
No
Draft/ Preliminary/Final
FIR PDR/      FIR CDR/      FIR PSR

FIR Phase 1 Safety Compliance Data Package
No
Final
FIR Ø1 Safety

FIR Baseline System Description
Yes
Preliminary/Final
FIR PDR/      FIR CDR

FCF Software Requirements Document (Incremental Build 2)
No
Preliminary/ Final
FIR PDR/      FIR CDR

FIR Safety Hazard Report
No
Draft/

Preliminary/ Final
FIR Ø1 Safety/ FIR Ø2 Safety/     FIR Ø3 Safety

FIR Build-to Specifications
No
Final
FIR CDR

FIR Phase 1 Safety Compliance Data Package
No
Final
FIR Ø1 Safety

FIR Phase 2 Safety Compliance Data Package
No
Final
FIR Ø2 Safety

FCF Software Design Document (Incremental Build 2)
No
Final
FIR CDR

FCF Accommodations Handbook (FIR)
No
Final
FIR CDR

FIR Safety Critical Structures Data Package
No
Preliminary/ Final
FIR PDR/      FIR CDR

FIR Fracture Control Plan
No
Final
FIR PDR

FIR Operation Requirements Data Set
No
Preliminary/ Final
ISS Integration Template

FIR Training Requirements Data Set
No
Preliminary/ Final
ISS Integration Template

FCF P/L Configuration Data Set (FIR)
No
Preliminary/ Final
ISS Integration Template

FCF Ground Data Services (FIR)
No
Preliminary/ Final
ISS Integration Template

FIR Assembly, Integration, and Test Plan
No
Final
FIR CDR

Software Verification and Validation Plan (Increment Build 2)
No
Final
TBP

Software Verification and Validation Report (Increment Build 2)
No
Final
FIR PSR

FIR PDR Review Data Package
No
Final
FIR PDR

FIR CDR Review Data Package
No
Final
FIR CDR

FIR PSR Review Data Package
No
Final
FIR PSR

FIR - FU Integration Data Package
No
Preliminary/Final
FIR PSR/       FIR RAR

FIR - GIU Integration Data Package
No
Final
TBP

FIR - PTCU Integration Data Package
No
Final
TBP

FIR Phase 3 Safety Compliance Data Package. - Ground
No
Final
FIR Ø3 Safety - Ground

FIR Phase 3 Safety Compliance Data Package - Flight
No
Final
FIR Ø3 Safety

FIR Launch Site Operations and Test Procedures
No
Preliminary/ Final
TBP/              FIR PSR

FIR Verification Plan
No
Preliminary/ Final
FIR PDR/      FIR T&VR

FIR Mission Suitability and Performance Acceptance Plan
No
Final
FIR PSR

FIR Mission Suitability and Performance Acceptance Report
No
Final
FIR RAR

Incremental Build 3: Shared Accommodations Rack (SAR)
Draft
Version*
Date

SAR Design-To Specifications
No
Final
SAR PDR

FCF/ISS Interface Control Document (SAR)
No
Final
SAR PDR

FCF Requirements Compliance Matrix
Yes
Draft/ Preliminary/Final
FCF PDR/     SAR PDR/       SAR CDR

SAR As-Built Drawings
No
Final
SAR PSR

SAR MIUL/MIA’s
No
Draft/ Preliminary/Final
SAR PDR/     SAR CDR/      SAR PSR

SAR Baseline System Description
Yes
Draft/ Preliminary/Final
FCF PDR/    SAR PDR/      SAR CDR

FCF Software Requirements Document (Incremental Build 3)
No
Preliminary/ Final
TBP/            SAR CDR

SAR Safety Hazard Report
Yes
Draft/ Preliminary/ Final
SAR Ø1 Safety/ SAR Ø2 Safety/     SAR Ø3 Safety

SAR Build-to Specifications
No
Final
SAR CDR

SAR Phase 1 Safety Compliance Data Package
No
Final
SAR Ø1 Safety

SAR Phase 2 Safety Compliance Data Package
No
Final
SAR Ø2 Safety

FCF Software Design Document (Incremental Build 3)
No
Final
SAR CDR

FCF Accommodations Handbook (SAR)
No
Final
SAR CDR

SAR Fracture Control Plan
No
Final
SAR PDR

SAR Safety Critical Structures Data Package
No
Preliminary/ Final
SAR PDR/     SAR CDR

SAR Operation Requirements Data Set
No
Preliminary/ Final
ISS Integration Template

SAR Training Requirements Data Set
No
Preliminary/ Final
ISS Integration Template

FCF P/L Configuration Data Set (SAR)
No
Preliminary/ Final
ISS Integration Template

FCF Ground Data Services (SAR)
No
Preliminary/ Final
ISS Integration Template

SAR Assembly, Integration, and Test Plan
No
Final
SAR CDR

Software Verification and Validation Plan (Increment Build 3)
No
Final
TBP

Software Verification and Validation Report (Increment Build 3)
No
Final
SAR PSR

SAR PDR Review Data Package
No
Final
SAR PDR

SAR CDR Review Data Package
No
Final
SAR CDR

SAR PSR Review Data Package
No
Final
SAR PSR

SAR - FU Integration Data Package
No
Preliminary/Final
SAR PSR/       SAR RAR

SAR - GIU Integration Data Package
No
Final
TBP

SAR - PTCU Integration Data Package
No
Final
TBP

SAR Phase 3 Safety Compliance Data Package. - Ground
No
Final
SAR Ø3 Safety - Ground

SAR Phase 3 Safety Compliance Data Package - Flight
No
Final
SAR Ø3 Safety

SAR Launch Site Operations and Test Procedures
No
Preliminary/ Final
TBP/   SAR PSR

SAR Verification Plan
No
Preliminary/ Final
TBP/ TBP

SAR Mission Suitability and Performance Acceptance e Plan
No
Final
SAR PSR

SAR Mission Suitability and Performance Acceptance Report
No
Final
SAR RAR

*Version:  Current -  Keep Current to Reflect Changes; Draft - TBD's in document but reflects current approach/results/design;  Preliminary - Complete Document but some TBD/unknowns remain; Final - Document is Complete

6. Government Furnished Equipment

NASA shall furnish a substantial amount of common hardware to be used in conducting the work described herein.  Government furnished equipment consisting of FCF components and packages is being developed and provided from various sources, such as ISS provided equipment, Electrical Power Control Unit from Sundstrand, and existing support service contractor development.  These items are too numerous to completely document in this SOW and are identified on the MRDOC web-site.  This equipment shall include, but not be limited to, all flight racks, all ground racks, rack smoke detectors for flight racks, power controllers for the flight unit and ground integration unit racks, and hundreds of standard ISS connectors and other items. Key GFE items are listed in Tables 4.5.  Also, the NASA shall furnish existing FCF breadboard, brassboard, mock-up, and engineering subsystem hardware and software that is also provided on the MRDOC website..

NASA shall also furnish a Payload Rack Checkout Unit (PRCU), TReK and STEP unit for use during FCF preflight IACO and verification activities. The PRCU shall be located in GRC building 333.

Table 6.0 Major Government Furnished Equipment Items

GFE Item
Quantity
Available

International Standard Payload Racks (ISPR) - 4 (flight qualified) - #1
1
07/2000

International Standard Payload Racks (ISPR) - 4 (flight qualified) - #2
1
11/2000

International Standard Payload Racks (ISPR) - 4 (flight qualified) - #3
1
11/2001

Active Rack Isolation System (ARIS) for flight racks - #1
1
04/2001

Active Rack Isolation System (ARIS) for flight racks - #2
1
06/2001

Active Rack Isolation System (ARIS) for flight racks - #3
1
02/2002

Ground Racks (aluminum equivalents of ISPR)
9
11/1999

ISS Training Facility Racks (equivalent of ISPR for PTCUs)  - #1
1
02/2001*

ISS Training Facility Racks (equivalent of ISPR for PTCUs)  - #2
1
08/2001*

ISS Training Facility Racks (equivalent of ISPR for PTCUs)  - #3
1
04/2003*

ISS Payload Simulator Environment (simulator for PTCUs)  - #1
1
02/2001*

ISS Payload Simulator Environment (simulator for PTCUs)  - #2
1
08/2001*

ISS Payload Simulator Environment (simulator for PTCUs)  - #3
1
04/2003*

Payload Support Hardware (PSH) in MRDOC Website listing from the NAS8-50000 contract. Includes rack handling fixtures, smoke detectors, connectors, and many other items
100’s
See Listing (all prior to 11/2000)

Electrical Power Control Unit (EPCU)  - Functional Simulators
3
11/1999

Electrical Power Control Unit (EPCU)  - Engineering Model
1
11/1999

Electrical Power Control Unit (EPCU)  - Qualification Unit
1
07/2001

Electrical Power Control Unit (EPCU)  - Flight Unit #1
1
02/2002

Electrical Power Control Unit (EPCU)  - Flight Unit #2
1
07/2002

Electrical Power Control Unit (EPCU)  - Flight Unit #3
1
02/2003

Electrical Power Control Unit (EPCU)  - Flight Unit #4
1
07/2003

Electrical Power Control Unit (EPCU)  - Flight Unit #5
1
02/2004

Electrical Power Control Unit (EPCU)  - Flight Unit #6
1
07/2004

Electrical Power Control Unit (EPCU)  - Flight Unit #7 (Spare)
1
05/2005

Payload Rack Checkout Unit (PRCU) (located at GRC, bld 333)
1
07/2000

STEP simulator (simulates commanding & control ISS interfaces)
1
11/1999

CIR Existing Mockup (w/ associated brassboard diagnostics)
1
11/1999

FIR Existing Mockup (w/ associated brassboard diagnostics)
1
11/1999

Water Flow Control Assembly (WFCA): Unit A - Set #1
6
11/2000

Water Flow Control Assembly (WFCA): Unit A - Set #2
6
2/2001

Water Flow Control Assembly (WFCA): Unit A - Set #3
6
6/2001

Water Flow Control Assembly (WFCA): Unit A - Set #4
6
10/2001

Water Flow Control Assembly (WFCA): Unit B - Set #1
4
11/2000

Water Flow Control Assembly (WFCA): Unit B - Set #2
4
10/2001

TReK Workstation
1
11/1999

CIR EM Optics Plate w/ Combustion Chamber
1
11/1999

CIR EM FOMA
1
11/1999

Existing Hardware and Software from SETAR-II & ARADS contracts per the inventory list provided on the MRDOC Website.
100's
11/1999

* Hardware shall be made available to the Contractor per development need date or upon request.  (Hardware is completed and can be shipped upon request)



7. Government Furnished Facilities at Glenn Research Center

NASA shall furnish access to the clean-room area in Glenn Research Center’s building 333. The contractor shall have access to this area to operate the FCF GIU and FCF EDU and some other equipment and software developed under this SOW.  The GRC building 333 high-bay area may be used for FCF development activities (subject to available space).  The GRC building 333 high-bay area shall be used for final assembly and verification testing of the FCF racks comprising the FCF FU, GIU, EDU, and PTCU.  An ISS Payload Rack Checkout Unit (PRCU), the Telescience Support Center (TSC), and other critical testing support items will be located in building 333. 

NASA shall furnish access to the Glenn Research Center Telescience Support Center located in building 333. The contractor shall use this area to deploy and initially operate the telescience equipment and software developed for FCF.

NASA shall furnish access to a 5.2-second drop tower, a 2.2-second drop tower, and a KC-135 microgravity aircraft. The contractor may schedule use of this equipment on an as-needed basis to verify aspects of FCF subsystem performance.

NASA shall furnish access to GRC’s Electromagnetic Interference (EMI) test facility.  The contractor shall use this facility for final pre-flight verification EMI testing of FCF (CIR, FIR, and SAR) equipment and may use it for earlier testing.

NASA shall furnish access to the Acoustics Measurement Facility in building 333. The contractor shall use this facility for final pre-flight verification testing of acoustic emissions of FCF (CIR, FIR, and SAR) equipment.

NASA shall furnish access to the Payload Rack Checkout Unit (PRCU) in building 333.  The contractor shall use this facility for FCF (CIR, FIR, and SAR) verification testing.

NASA shall furnish access to a Vibration Test facility. The contractor may, optionally, use this facility for vibration testing and subsystem vibration testing needed to complete the work under this SOW.

8. FCF System Content

8.1. FCF WORK BREAKDOWN STRUCTURE

The current FCF Work Breakdown Structure (WBS) is shown in Table 8.1.  This WBS constitutes a current high-level breakdown of the FCF System hardware and software development and associated activities.  This WBS is not a required organization of the contractor's WBS and or Product Breakdown Structure but is provided to highlight the deliverable FCF system products.  The initial Contractor Project Plan shall be based on this FCF WBS.  However, if the contractor believes the provided FCF WBS contains errors, omissions, or oversights that could effect Exhibit 1 technical content, schedule, or budget, then those should be identified, added to the provided WBS, and addressed in the plan.

Table 8.1 FCF Work Breakdown Structure

Level
1
2
3
4
5
Description

1
Fluids and Combustion Facility (FCF)






1.1. 

Project Management



See Note 1 below

1.1.1. 


Project Planning




1.1.2. 


Sub-Contract Management




1.1.3. 


Status Reviews




1.1.4. 


Configuration/Property Management




1.1.5. 


Project Reviews




1.2. 

Systems Engineering & Design





1.2.1. 


System Design & Analysis




1.2.2. 


Requirements Development & Management




1.3. 

Product Assurance





1.3.1. 


Quality Management




1.3.2. 


System Safety




1.3.3. 


Materials and Processes




1.3.4. 


Reliability and Maintainability




1.3.5. 


Software Product Assurance




1.3.6. 


Risk Management




1.4. 

Utilization and Integration Planning



Support to Exhibit 2

1.5. 

Integrated Logistics & Operations Support





1.6. 

Flight Segment



All on orbit Hardware and Software

1.6.1. 


Flight System Engineering & Management




1.6.2. 


Flight System Test and Evaluation




1.6.3. 


FCF Common Development (DDT&E of 1st Unit)


System Items; Common to All 3 Racks; See Note 2 below

1.6.3.1. 



Common Structural Support



1.6.3.1.1. 




Rack Closure Doors
DDT&E of Common Doors

1.6.3.1.2. 




Rack Interface Panel
Modifications Required for FCF/ISS Panel

1.6.3.1.3. 




Package Rails
DDT&E of Common EPCU/IOP Rails

1.6.3.1.4. 




Seals
DDT&E of Common Seals

1.6.3.1.5. 




Secondary Structure
DDT&E of Common Structure

1.6.3.2. 



Air Thermal Control Assembly

Common HX/Blower/Structure Package

1.6.3.3. 



Water Thermal Control Assembly

Common Valve (GFE) and Line components

1.6.3.4. 



Fire Detection and Suppression Assembly

Common Development; Detector GFE

1.6.3.5. 



Gas Distribution Assembly



1.6.3.5.1. 




Gaseous Nitrogen
DDT&E of Common components

1.6.3.5.2. 




Vacuum Exhaust
DDT&E of Common components

1.6.3.5.3. 




Vacuum Resource
DDT&E of Common components

1.6.3.6. 



Command and Data



1.6.3.6.1. 




Input/ Output Processor
Common IOP Development

1.6.3.6.2. 




IOP/System Software
System SW Development

1.6.3.6.3. 




Acceleration Environment Package
GFE from SAMS-II Program

1.6.3.6.4. 




Facility Laptop Computer Package
Laptop GFE

1.6.3.7. 



Electrical Power



1.6.3.7.1. 




Electrical Power Control Unit
GFE from Sundstrand

1.6.3.7.2. 




Rack Maintenance Switch
Common Power items & Switch

1.6.4. 


Combustion Integrated Rack




1.6.4.1. 



CIR Management



1.6.4.2. 



CIR Systems Engineering



1.6.4.3. 



CIR Integration, Test and Evaluation



1.6.4.4. 



CIR Structural Support



1.6.4.4.1. 




ISPR
GFE from ISS Program via Boeing

1.6.4.4.2. 




ARIS
GFE from ISS Program via Boeing

1.6.4.4.3. 




Optics Plate
CIR Specific Development

1.6.4.4.4. 




Slide Mechanism
Common Features w/ FIR & SAR

1.6.4.4.5. 




Rack Closure Doors
Any CIR Specific "Mods" & Tests

1.6.4.4.6. 




ISS/FCF Interface HW (SPOE)
SPOE provided HW designed into CIR

1.6.4.4.7. 




Package Rails
Any CIR Specific "Mods" & Tests

1.6.4.4.8. 




Seals
CIR Specific Development

1.6.4.4.9. 




Secondary Structure
CIR Specific Development

1.6.4.5. 



CIR Air Thermal Control Assembly



1.6.4.5.1. 




ATC Package
Any CIR Specific "Mods" & Tests

1.6.4.5.2. 




Filters
Any CIR Specific "Mods" & Tests

1.6.4.5.3. 




Instrumentation
Any CIR Specific "Mods" & Tests

1.6.4.6. 



CIR Water Thermal Control Assembly



1.6.4.6.1. 




Primary Loop
Any CIR Specific "Mods" & Tests

1.6.4.6.2. 




Secondary Loop
Any CIR Specific "Mods" & Tests

1.6.4.7. 



CIR Fire Detection and Suppression Assembly



1.6.4.7.1. 




Smoke Detector Package
Any CIR Specific "Mods" & Tests

1.6.4.7.2. 




Suppression Package
Any CIR Specific "Mods" & Tests

1.6.4.8. 



CIR Gas Distribution Assembly



1.6.4.8.1. 




Gaseous Nitrogen
Any CIR Specific "Mods" & Tests

1.6.4.8.2. 




Vacuum Exhaust
Any CIR Specific "Mods" & Tests

1.6.4.8.3. 




Vacuum Resource
Any CIR Specific "Mods" & Tests

1.6.4.9. 



CIR Command and Data



1.6.4.9.1. 




Input /Output Processor Package
Any CIR Specific "Mods" & Tests

1.6.4.9.2. 




Combustion Science Avionics Package
CIR Specific Development

1.6.4.9.3. 




Image Processing Package -A
CIR Specific Development

1.6.4.9.4. 




Image Processing Package -B
CIR Specific Development

1.6.4.9.5. 




FOMA Control Unit
CIR Specific Development

1.6.4.9.6. 




Acceleration Environment Package
Any CIR Specific "Mods" & Tests

1.6.4.9.7. 




Health & Status Instrumentation
CIR Specific Development

1.6.4.9.8. 




Facility Laptop Computer Package
Any CIR Specific "Mods" & Tests

1.6.4.9.9. 




Rack-to-Rack Interface Package
Any CIR Specific "Mods" & Tests

1.6.4.9.10. 




Harnessing
CIR Specific Development

1.6.4.10. 



CIR Electrical Power



1.6.4.10.1. 




Electrical Power Control Unit
GFE; Install & CIR Specific tests

1.6.4.10.2. 




Rack Maintenance Switch Assembly
Any CIR Specific "Mods" & Tests

1.6.4.10.3. 




Power Harnessing
CIR Specific Development

1.6.4.11. 



CIR Chamber



1.6.4.11.1. 




Chamber Window Section
CIR Specific Development

1.6.4.11.2. 




Rear End Cap
CIR Specific Development

1.6.4.11.3. 




Breach Lock Lid
CIR Specific Development

1.6.4.11.4. 




Windows
CIR Specific Development

1.6.4.11.5. 




Interface Resource Ring
CIR Specific Development

1.6.4.11.6. 




PI Hardware Rails
CIR Specific Development

1.6.4.12. 



CIR Fuel/Oxidizer Management Assembly



1.6.4.12.1. 




Gas Delivery Package
CIR Specific Development

1.6.4.12.2. 




Exhaust Vent Package
CIR Specific Development

1.6.4.12.3. 




Gas Chromatograph
CIR Specific Development

1.6.4.13. 



CIR Diagnostics



1.6.4.13.1. 




High Bit Depth/Multispectral Imaging Package
CIR Specific Development

1.6.4.13.2. 




High Frame Rate/High Resolution Camera Package
CIR Specific Development

1.6.4.13.3. 




Color Camera Package
CIR Specific Development

1.6.4.13.4. 




Low Light Level Packages
CIR Specific Development

1.6.4.13.5. 




Mid-IR Camera Package
CIR Specific Development

1.6.4.13.6. 




Illumination Package
CIR Specific Development

1.6.4.14. 



CIR Specific Software

CIR Specific Development

1.6.5. 


Fluids Integrated Rack




1.6.5.1. 



FIR Management



1.6.5.2. 



FIR System Engineering



1.6.5.3. 



FIR Integration, Test and Evaluation



1.6.5.4. 



FIR Structural Support



1.6.5.4.1. 




ISPR
GFE from ISS Program via Boeing

1.6.5.4.2. 




ARIS
GFE from ISS Program via Boeing

1.6.5.4.3. 




Optics Plate
FIR Specific Development

1.6.5.4.4. 




Slide Mechanism
FIR Specific Development

1.6.5.4.5. 




Rack Closure Doors
Any FIR Specific "Mods" & Tests

1.6.5.4.6. 




ISS/FCF Interface HW (SPOE)
SPOE provided HW designed into FIR

1.6.5.4.7. 




Package Rails
Any FIR Specific "Mods" & Tests

1.6.5.4.8. 




Seals
FIR Specific Development

1.6.5.4.9. 




Secondary Structure
FIR Specific Development

1.6.5.5. 



FIR Air Thermal Control Assembly



1.6.5.5.1. 




ATC Package
Any FIR Specific "Mods" & Tests

1.6.5.5.2. 




Filters
Any FIR Specific "Mods" & Tests

1.6.5.5.3. 




Instrumentation
Any FIR Specific "Mods" & Tests

1.6.5.6. 



FIR Water Thermal Control Assembly



1.6.5.6.1. 




Primary Loop
Any FIR Specific "Mods" & Tests

1.6.5.6.2. 




Secondary Loop
Any FIR Specific "Mods" & Tests

1.6.5.7. 



FIR Fire Detection and Suppression Assembly



1.6.5.7.1. 




Smoke Detector Package
Any FIR Specific "Mods" & Tests

1.6.5.7.2. 




Suppression Package
Any FIR Specific "Mods" & Tests

1.6.5.8. 



FIR Gas Distribution Assembly



1.6.5.8.1. 




Gaseous Nitrogen
Any FIR Specific "Mods" & Tests

1.6.5.8.2. 




Vacuum Exhaust
Any FIR Specific "Mods" & Tests

1.6.5.8.3. 




Vacuum Resource
Any FIR Specific "Mods" & Tests

1.6.5.9. 



FIR Command and Data



1.6.5.9.1. 




Input & Output Package
Any FIR Specific "Mods" & Tests

1.6.5.9.2. 




Fluid Science Avionics Package
FIR Specific Development

1.6.5.9.3. 




Image Processing Package
FIR Specific Development

1.6.5.9.4. 




Acceleration Environment Package
Any FIR Specific "Mods" & Tests

1.6.5.9.5. 




Health & Status Instrumentation
FIR Specific Development

1.6.5.9.6. 




Facility Laptop Computer Package
Any FIR Specific "Mods" & Tests

1.6.5.9.7. 




Rack-to-Rack Interface Package
Any FIR Specific "Mods" & Tests

1.6.5.9.8. 




Harnessing
FIR Specific Development

1.6.5.10. 



FIR Electrical Power



1.6.5.10.1. 




Electrical Power Control Unit
GFE; Install & FIR Specific tests

1.6.5.10.2. 




Rack Maintenance Switch Assembly
Any FIR Specific "Mods" & Tests

1.6.5.10.3. 




Power Harnessing
FIR Specific Development

1.6.5.11. 



FIR Light Sources



1.6.5.11.1. 




LED Array Package
FIR Specific Development

1.6.5.11.2. 




White Light Package
FIR Specific Development

1.6.5.11.3. 




Nd:YAG Laser Package
FIR Specific Development

1.6.5.11.4. 




Laser Diodes Package
FIR Specific Development

1.6.5.11.5. 




HeNe Laser Package
FIR Specific Development (May change to Nd:YAG - 1064 nm)

1.6.5.11.6. 




Collimator Package
FIR Specific Development

1.6.5.12. 



FIR Imaging



1.6.5.12.1. 




High Res. B&W Camera Packages
FIR Specific Development

1.6.5.12.2. 




Color Camera Package
FIR Specific Development

1.6.5.12.3. 




Camera Lens Packages
FIR Specific Development

1.6.5.12.4. 




Optical Packages
FIR Specific Development

1.6.5.13. 



FIR Software

FIR Specific Development

1.6.6. 


Shared Accommodations Rack




1.6.6.1. 



SAR Management



1.6.6.2. 



SAR System Engineering



1.6.6.3. 



SAR Integration, Test and Evaluation



1.6.6.4. 



SAR Structural Support



1.6.6.4.1. 




ISPR
GFE from ISS Program via Boeing

1.6.6.4.2. 




ARIS
GFE from ISS Program via Boeing

1.6.6.4.3. 




Optics Plate
SAR Specific Development

1.6.6.4.4. 




Slide Mechanism
SAR Specific Development

1.6.6.4.5. 




Rack Closure Doors
Any SAR Specific "Mods" & Tests

1.6.6.4.6. 




ISS/FCF Interface HW (SPOE)
SPOE provided HW designed into SAR

1.6.6.4.7. 




Package Rails
Any SAR Specific "Mods" & Tests

1.6.6.4.8. 




Seals
SAR Specific Development

1.6.6.4.9. 




Secondary Structure
SAR Specific Development

1.6.6.5. 



SAR Air Thermal Control Assembly



1.6.6.5.1. 




ATC Package
Any SAR Specific "Mods" & Tests

1.6.6.5.2. 




Filters
Any SAR Specific "Mods" & Tests

1.6.6.5.3. 




Instrumentation
Any SAR Specific "Mods" & Tests

1.6.6.6. 



SAR Water Thermal Control Assembly



1.6.6.6.1. 




Primary Loop
Any SAR Specific "Mods" & Tests

1.6.6.6.2. 




Secondary Loop
Any SAR Specific "Mods" & Tests

1.6.6.7. 



SAR Fire Detection and Suppression Assembly

 

1.6.6.7.1. 




Smoke Detector Package
Any SAR Specific "Mods" & Tests

1.6.6.7.2. 




Suppression Package
Any SAR Specific "Mods" & Tests

1.6.6.8. 



SAR Gas Distribution Assembly



1.6.6.8.1. 




Gaseous Nitrogen
Any SAR Specific "Mods" & Tests

1.6.6.8.2. 




Vacuum Exhaust
Any SAR Specific "Mods" & Tests

1.6.6.8.3. 




Vacuum Resource
Any SAR Specific "Mods" & Tests

1.6.6.9. 



SAR Command and Data



1.6.6.9.1. 




Input & Output Package
Any SAR Specific "Mods" & Tests

1.6.6.9.2. 




SAR Science Avionics Package
SAR Specific Development

1.6.6.9.3. 




Image Processing Package
Derivatives from FIR/CIR

1.6.6.9.4. 




SAR Data Storage Package
SAR Specific Development

1.6.6.9.5. 




Acceleration Environment Package
Any SAR Specific "Mods" & Tests

1.6.6.9.6. 




Health & Status Instrumentation
SAR Specific Development

1.6.6.9.7. 




Facility Laptop Computer Package
Any SAR Specific "Mods" & Tests

1.6.6.9.8. 




Rack-to-Rack Interface Package
Any SAR Specific "Mods" & Tests

1.6.6.9.9. 




Harnessing
SAR Specific Development

1.6.6.10. 



SAR Electrical Power



1.6.6.10.1. 




Electrical Power Control Unit
GFE; Install & SAR Specific tests

1.6.6.10.2. 




Rack Maintenance Switch Assembly
Any SAR Specific "Mods" & Tests

1.6.6.10.3. 




Power Harnessing
SAR Specific Development

1.6.6.11. 



SAR Diagnostics



1.6.6.11.1. 




Reserved


1.6.6.12. 



SAR Software

SAR Specific Development

1.7. 

Ground Segment



All Earth based equipment and software

1.7.1. 


Ground Segment Engineering & Management




1.7.2. 


Ground Segment Test & Evaluation




1.7.3. 


Initial PI Integration and Test




1.7.4. 


Payload Rack Checkout Unit


GFE from Boeing

1.7.5. 


Ground Integration Units


Flight Equivalent; See Note 3 below

1.7.5.1. 



GIU Integration, Test and Evaluation



1.7.5.1. 



CIR GIU

Hardware, assembly, test

1.7.5.2. 



FIR GIU

Hardware, assembly, test

1.7.5.3. 



SAR GIU

Hardware, assembly, test

1.7.6. 


Experiment Development Units


Eng. Model upgraded for initial PI Testing; See Note 4 below

1.7.6.1. 



EDU Integration, Test and Evaluation



1.7.6.2. 



CIR EDU

Upgrade CIR EM & test

1.7.6.3. 



FIR EDU

Upgrade FIR EM & test

1.7.6.4. 



SAR EDU

Upgrade SAR EM & test

1.7.7. 


Payload Training Center Units (@JSC)


See Note 5 below

1.7.7.1. 



PTCU Integration, Test and Evaluation



1.7.7.2. 



Task Trainers

Crew Trainer Dev for Specific Tasks

1.7.7.3. 



CIR PTCU

CIR Payload Training Simulator DDT&E

1.7.7.4. 



FIR PTCU

FIR Payload Training Simulator DDT&E

1.7.7.5. 



SAR PTCU

SAR Payload Training Simulator DDT&E

1.7.8. 


FCF Mockup


Public Relations unit (minimal functions); See Note 6  below

1.7.9. 


Simulators


For PI Team usage in HW Development

1.7.9.1



CIR Simulator

For PI Team usage in HW Development

1.7.9.2



FIR Simulator

For PI Team usage in HW Development

1.7.9.3



SAR Simulator

For PI Team usage in HW Development

1.7.9.4



Configurable Equipment Simulators

For PI Team usage in HW Development

1.7.10. 


FCF Ground Support Equipment


DDT&E of Facility GFE

1.7.10.1. 



STEP

GFE

1.7.10.2. 



TReK

GFE

1.7.10.3.



ISS Simulators to Operate EDU

To operate 3 EDU racks independently

1.7.10.3.1




ISS Power Supply Simulator
DDT&E

1.7.10.3.2.




ISS C&DH Simulators
DDT&E

1.7.10.3.3.




ISS N2 Supply Simulators
DDT&E

1.7.10.3.4.




ISS VRS Simulators
DDT&E

1.7.10.3.5.




ISS VES Simulators
DDT&E

1.7.10.3.6.




ISS Moderate Temperature Loop Simulators
DDT&E

1.7.10.4.



Shipping Containers

GFE

1.7.11. 


Ground Support Infrastructure




1.7.11.1.



FCF/Telescience Support Center Interfaces

FCF Ground Racks/TSC Interfaces DDT&E

1.7.11.2.



Building 333 Modifications

Mods for Bld. 333 & Annex (NASA Responsibility)

1.7.11.3.



Bottle Filling Station

DDT&E

1.7.11.4.



Bonded Storage

Controlled storage for FCF

1.7.11.5



Data Archiving System

DDT&E of Archiving system for PI Data

Note 1: Also, include support for two (2) outreach activities per year of FCF Development.  This would involve transporting the FCF mock-ups to a conference site (assume Oshkosh, WI and Albuquerque, NM) and staffing the exhibit for seven days.

Note 2: Several FCF Subsystems are potentially common to two or three of the racks.  Consequently, their development is consolidated in the WBS with any rack specific modifications or additions in the respective rack WBS.

Note 3: GIUs are identical to the flight units (unless impractical, requiring ground support) except for the use of the ground racks and without ARIS.  These racks will be controlled and maintained identical to the flight racks.

Note 4: EDUs are is a derivative of the engineering model utilizing as most of the hardware as possible providing key functionality for PI hardware development.

Note 5: PTCUs utilize the trainer racks and meet the requirements of the PTC requirements.

Note 6: The FCF Mockup is a limited functionality, high quality, look and feel model to be used for human factor testing and outreach activities.   The Mock-up should also include a new partial mock-up of the USLAB to allow the astronauts and the public the look and feel of being in the USLAB with the three FCF mock-up racks.  The USLAB mock-up shall be portable for set-up at conference locations.

8.2. FCF MISSION NEED

The Fluids and Combustion Facility (FCF) shall be a permanent on-orbit research facility located inside the United States Laboratory Module (US Lab) of the International Space Station (ISS). FCF shall support NASA Human Exploration and Development of Space (HEDS) Microgravity Program objectives. In particular, FCF shall accommodate and facilitate sustained, systematic Microgravity Fluid Physics and Microgravity Combustion Science experimentation on the ISS for the lifetime of the ISS.  Fluid Physics and Combustion Science shall be of equal relative priority within the scope of FCF planning, design, operations, and other activities.

As ISS and FCF resources become available, FCF shall permit a utilization rate of at least 5 Basis Experiment type fluid physics experiments per year and 5 Basis Experiment type combustion experiments per year while remaining within FCF and ISS resource constraints. 

As additional ISS and FCF resources become available, FCF shall accommodate at least 80 percent of the microgravity fluid physics and combustion basis experiments likely to be proposed for FCF.  FCF compliance shall be shown by conceptual experiment layouts and analysis indicating that 80 percent of the fluid physics and combustion basis experiments could be accommodated by FCF facility capabilities when augmented by PI hardware capabilities.

To accommodate potential commercial and international users, FCF shall accommodate at least 5 fluid physics experiments and 5 combustion experiments per year, assuming that PI hardware and other required resources are provided by those users.  FCF shall plan to occupy no more than 3 International Standard Payload Racks (ISPR) located in the US Lab module plus up to 1 additional rack of un-powered stowage, as needed to meet the Level 1 requirements.

8.3. FCF KEY DRIVERS

The principal FCF performance requirements are stated in terms of experiment throughput. In particular, the FCF integrated system shall provide a minimum annual throughput of 10 Basis type experiments within all budgetary and ISS resource constraints.

To perform an experiment, FCF equipment will be augmented with Principal Investigator (PI) Hardware. PI hardware is not developed under this Exhibit 1 SOW.

The lifetime of FCF shall be 10 years extendable to 15 years with minor on-orbit refurbishment.

The contractor shall develop software making maximum effective use of NASA developed Embedded Web Technology software approach.

The contractor shall produce a completed FCF system that can be deployed incrementally, one self-sufficient rack at a time, but that becomes an integrated system of interdependent racks after the third rack is launched.

The contractor shall produce an FCF system that provides for simplified on-orbit maintenance, failure recovery, upgrade, and re-calibration within all resource limitations. Conversely, the system shall be designed such that the need to return racks to earth for repair or upgrade is highly unlikely.

The contractor shall provide support to several PI hardware development teams developing the PI hardware for initial FCF utilization. The contractor shall consider the PI hardware teams to be customers of the FCF system being developed under this SOW. The contractor shall develop and work to a plan to assist the PI teams in developing the PI experiment hardware and software to be used within the FCF system.

8.4. FCF ACCEPTANCE TESTING

The contractor shall develop the FCF hardware and software in such a manner that its performance can be verified by objective tests and analyses.  The overall logic regarding how the many verification, product assurance, operational, and other tests and analyses are related and how they will be used to demonstrate performance of the FCF system shall be described in the Mission Suitability and Performance Acceptance Plan, see DID# V-15.  Subsequently, final acceptance of the FCF system will be based, in part, on the information presented in the Mission Suitability and Performance Acceptance Report, see DID# V-16.

The contractor shall prepare, for NASA approval, pre-deployment and post-deployment Verification Plans (DID# V-01) and Assembly, Integration and Test Plans (DID# V-12) for each incremental build of FCF hardware and software and for the entire FCF system.  Each of the CIR, FIR, and SAR flight and ground segment racks, equipment and software shall be subject to individual pre-deployment & post-deployment acceptance testing and final NASA acceptance. 

· The plans shall require analyses, considering all germane factors, objectively proving that the fully deployed FCF system will meet the SRED PI throughput performance requirements assuming the subsystems perform as described in the analyses and within all constraints and allowing for failures, maintenance, re-calibration, and other necessary activities.

· The plans shall specify pre-deployment and post-deployment tests of the completed system and all subsystems to objectively prove that they perform to their individual specifications (e.g., individual diagnostics and sensors have the claimed accuracy, precision, and noise when installed in the FCF system). 

· The plans shall specify "customer satisfaction" and usability testing of the operational interfaces (e.g., Astronaut and ground crew software user interfaces, Astronaut and ground crew mechanical interfaces such as latches) and operational capabilities to prove that human factors engineering is adequate. 

· The plans shall specify tests that prove the FCF system can be calibrated or re-calibrated on-orbit. 

· The plans shall specify tests that prove the system operates in accordance with the contractor prepared User's Manuals.

Prior to deployment, the contractor shall conduct verification and acceptance tests according to the Verification Plans and Acceptance Test Plans. For each of the CIR, FIR, and SAR Flight Units and Ground Integration Units, pre-deployment testing shall include one or more full-length mission simulations lasting two weeks or longer. Each mission simulation shall simulate the installation, setup, running, and de-installation of at least one PI experiment (applicable to CIR, FIR, and SAR).  Deployment shall not proceed until all open issues (resulting from the pre-deployment tests) have been resolved and approved by the FCF Project Manger. 

After deployment, the contractor shall perform post-deployment Verification and Acceptance tests per the plans. These tests shall include, but not be limited to, setting up and operating the equipment and/or software in a widely scoped set of nominal and off nominal modes.  The scope of the post-deployment acceptance tests shall include the first period of operation for the intended purpose (e.g., running the first PI in the CIR and FIR and running the first fluid physics PI and combustion science PI after deployment of the SAR).  After post-deployment tests are complete, the contractor shall update compliance documentation (DID# D-07) to clearly indicate the trace from each science, performance, and safety requirement.  In this manner the contractor shall prove that the design features based on final test results implement the requirement.  

NASA shall accept the equipment after successful, documented completion of both the pre-deployment & post-deployment verification and acceptance tests and the acceptance of all required documentation.  The results of the testing and analyses shall be summarized in the Mission Suitability and Performance Acceptance Report (DID# V-16) along with a logical argument detailing how the results demonstrate mission suitability and the compliance to the performance requirements.

Attachment J-1 Exhibit 1-52

