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Attachment No. J-1, Statement of Work

STATEMENT OF WORK

FOR

ARES ELECTRIC THRUST VECTOR CONTROL PROTOTYPE 
RISK REDUCTION PROGRAM
1.0
SCOPE AND OBJECTIVE
 

1.1
Scope

The Contractor shall develop prototype electric TVC build specifications, perform and document analyses, perform all modeling, produce the detailed drawings required to fabricate and assemble the prototype system, fabricate the prototype electric TVC system, and test the fabricated system.  The contractor shall also tailor a risk reduction program, utilizing the designed and constructed prototype system that mitigates the forward development risk associated with flight TVC system development.  The detailed requirements and Data Requirements Descriptions (DRDs) are specified in paragraph 2.0 of this Statement of Work (SOW).  The electric TVC system functional, performance, interface, and design requirements are provided in the attached specification, MSFC-SPEC-3536.  This Contract shall conclude with delivery of the final report documenting the effectiveness of the risk reduction effort and delivery of the developed prototype TVC system to MSFC to include any special test equipment.
This project’s primary focus is on the mitigation of development risk associated with the TVC sub-system only.  Emphasis is primarily placed on the design, development and testing of the prototype TVC system only.  The Contractor shall be mindful of higher level system requirements (i.e. mass, volume, packaging), however, only to the extent that the proposed prototype system could be reasonably expected to be extensible to future manned launch vehicle application.
1.2 
Objective

The objective of this effort is to thoroughly assess and mitigate the development risk of a compact electric TVC system in support of future flight system design, development and testing.  The developed prototype TVC system will demonstrate the technical feasibility and extensibility of an electric TVC system to meet future manned launch vehicle TVC needs.  The focus will be on the TVC system only.
2.0 
REQUIREMENTS

The contractor shall report and document this work and fulfill the requirements of associated Data Requirement Descriptions (DRDs) as outlined in the Data Procurement Document (DPD) 1273 (Attachment J-2). The contractor shall determine the data restriction that applies to each data deliverable and mark or transmit the data restriction in accordance with section 2.33 of the DPD.
2.1 
Project Management Plan
The Contractor shall provide a Project Management Plan in accordance with DRD 1273MA-001.

2.1.1
Technology Reports 

The Contractor shall provide technical information concerning any invention, discovery, improvement, or innovation made by the contractor in the performance of work under this contract. Technology Reports shall be prepared in accordance with DRD 1273CD-001.
The Contractor shall prepare and submit a Final Scientific and Technical Report that comply with the requirements of NFS 1852.235-73 in accordance with DRD 1273MA-006.
2.1.2
Financial Management Reports   

The Contractor shall provide Financial Management Reports (533M and 533Q) in accordance with DRD 1273MA-005.

2.1.3
Monthly Status and Final Reports 

The Contractor shall prepare and submit a Monthly Progress and Final Report in accordance with DRD 1273MA-007. 

2.1.4
Program/Project Schedule

The Contractor shall provide a logic-linked Program/Project Schedule in Microsoft Project 2003, or later, in accordance with DRD 1273MA-004.  Changes to the schedule baseline require MSFC concurrence.

2.1.5
Risk Management

Risk management is a continuous process and shall be implemented throughout the life cycle of the contract.   The Risk Management Plan shall provide specific information on how the contractor will implement the risk management requirements of NPR 7120.5C, NPR 7120.5D and 7120.8 by using the risk management procedures and guidelines specified in NPR 8000.4 and how risk items will be documented and communicated to the Government.  In addition, lessons learned submittals and search results, risk lists, risk analyses, and risk tracking reports shall be provided throughout the life cycle of the program/project.  The Contractor shall define risk management and reporting in accordance with DRD 1273MA-002.
2.1.6 
Meetings

The Contractor shall provide manpower, facilities, and data to support the meetings and reviews defined in this SOW.  Other NASA contractors responsible for vehicle development and MSFC direct support contractors shall have the right to participate in these meetings.

2.1.6.1 Bi-Weekly Teleconference

The Contractor shall support a bi-weekly teleconference to discuss schedule and technical status with the Government.  The Contractor shall include, at a minimum, a review of the program schedule, document status, design, development hardware fabrication and test status, problem identification, and efforts undertaken for corrective action.

2.1.6.2 Technical Interchange Meetings

The Contractor shall participate in one Technical Interchange Meetings (TIM) focused on the battery.  TIM shall be held to review specific phases of the tasks.  The Government shall conduct the TIM with the Contractor counterpart.  The Contractor shall propose an agenda for the TIM with a two-week minimum advance notice.  The agenda is negotiable.  The Contractor shall distribute written minutes, issues, and actions.  The Contractor shall plan on this TIM being held at the battery Contractor’s facility.
2.1.6.3 Design Reviews

The Contractor shall provide the manpower, facilities, and data to support a Preliminary Design Review (PDR), Critical Design Review (CDR) and Test Readiness Review (TRR).  Data required for each review shall be delivered in accordance with DRD 1273MA-003.  The CDR will be conducted at the Marshall Space Flight Center.  The PDR and TRR will be conducted at the contractor’s facility.  
2.2
Configuration Management

2.2.1
Change Management

The Contractor shall implement a change process to ensure that all design changes that effect development, fabrication, assembly, inspection, or testing shall go through a controlled process, and shall be promulgated through a controlled distribution.
Contractor desired deviations and waivers to Government controlled documentation shall be generated and processed in accordance with DRD 1273CM-001.

2.2.2
Engineering Release

The Contractor shall implement an engineering release system in accordance with internal company procedures, to issue configuration documentation to functional activities and to authorize the use of configuration documentation associated with an approved configuration.  
2.3
Safety and Health 
2.3.1
Safety
The contractor shall establish and implement an industrial safety, occupational health, and environmental program that (1) prevent employee fatalities, (2) reduce the number of incidents, (3) reduce the severity of employee injuries and illnesses, and (4) protects the environment through the ongoing planning, implementation, integration and management control of these programs in accordance with DRD 1273SA-001.  The SHE Plan shall address each of the following MSFC SHE core program requirements in detail that are applicable to the contracted effort: 

a.
Management leadership and employee involvement.

b.
System and worksite analysis.

c.
Hazard prevention and control.

d.
Safety, health and environmental training.

 The contractor shall report mishaps and safety statistics to the MSFC Industrial Safety Branch in accordance with DRD 1273SA-002. The contractor shall submit direct to the NASA Incident Reporting Information System (IRIS) or shall use the forms listed in section 15.4 of DRD 1273SA-002 or electronic equivalent to report mishaps and related information required to produce the safety metrics.
2.4
Product Assurance
2.4.1
Calibration System

The Contractor shall have a documented method of ensuring that utilized test and measurement equipment calibration meets or exceeds the requirements of ISO 10012, Quality Assurance Requirements for Measuring Equipment, or the American National Standard Institute (ANSI)/National Conference of Standards Laboratories (NCSL) Z540-1, General Requirements for Calibration Laboratories and Measuring and Test Equipment.

2.4.2
Right of Access

All facilities and documentation used by the Contractor and its sub-tier Contractors are open to evaluation by the Government.  In these cases, the Contractor shall arrange to provide Government authorized representatives with access to areas in which work is being performed. 

2.4.3
Record Retention

The Contractor and Contractor’s subcontractors shall maintain verifiable objective evidence of all inspections and test performed, results obtained and dispositions of nonconforming articles. These records shall be identified to associated articles, including special processes and made available to Government Representatives upon request and shall be retained in a safe, accessible location for the life of the Exploration Systems Missions Directorate (ESMD) Constellation Program.  The Contractor’s records associated with the manufacture of serialized or lot controlled articles shall provide for continued traceability of serial numbers or lot number identification through all phases of manufacture, commencing with the raw material.  Records held for the required retention period shall not be destroyed without Government's written concurrence.
2.4.4
Electrostatic Discharge (ESD) Protection Program and Packaging

The Contractor shall document and implement an ESD Control Program in accordance with ANSI/ESD-S20.20.   Parts must be properly packaged and identified as required in ANSI/ESD-S20.20.

2.5 
Design and Development
The Contractor shall design, develop and test the prototype Ares Solid Rocket Booster Electric TVC system to meet the requirements as described in the SOW and the electric TVC System Specification MSFC-SPEC-3536.  
Analyses shall be performed as part of the design and verification phase to assure compliance with requirements and, in the event of a test failure/anomaly, to identify probable causes and corrective actions.  When computer analyses, including finite element analyses are used, deliverable information shall include a description of the analyses with applicable geometry, dimensions, loads, other boundary conditions, annotated input data file(s), plots of model geometry, and results. This information shall be sufficient to recreate the analysis if necessary. Computer programs, data inputs, and data output utilized in these analyses must be documented and available to the Government upon request. 
2.5.1
Component Specifications

The Contractor shall prepare specifications to define the hardware, software and lower level performance and design requirements for the system configuration items and the related test support equipment.  Specifications for hardware, firmware and/or software are to be prepared as described in DRD 1273SE-001. 
2.5.2
Drawings and Associated Lists

The Contactor shall prepare and submit Engineering Drawings and Associated lists for the prototype electric TVC system and Special Test Equipment (STE) that shall meet the requirements of ASME Y14.100 and ASME Y14.41 in accordance with DRD 1273CM-002.  
2.5.3
Specification and Drawing Tree

The Contractor shall submit Specification and Drawing Trees in accordance with DRD 1273CM-003 that include drawings and specifications for the prototype electric TVC system.
2.5.4
Thermal Analysis Report

The Contractor shall deliver a Thermal Analysis Report in accordance with DRD 1273DE-003. 

2.5.5
Reliability Analysis 

Risk based design (RBD) activity shall be an integral part of the normal design and process development activity and shall be addressed at all design and processing levels from the component to the element level.  MSFC is conducting RBD activities for ARES.  The Contractor shall conduct RBD activities for components, elements, and processes of the prototype TVC system. This effort will support element and system design activities and will directly feed the overall project risk assessment for ARES and the associated management of these risks.  The objective of RBD is to identify, characterize and design out or mitigate risk within the element designs. Key to developing a RBD activity is the integration of risk identification and characterization within the design and process development activities.  

The Contractor shall utilize the FMEA, Hazards Analysis and associated fault trees and functional flows to identify areas of risk within the end item design. Each design risk area shall be addressed relative to all creditable failure modes and/or hazard conditions that apply over the operational phases of the element. These risk areas shall be addressed in terms of “root cause analysis” and “physics of failure” analysis to identify the driving factors relating to the failure or hazard events. The risk within the end item shall be rank ordered in order to prioritize those that will provide the greatest reduction in integrated element risk. Probabilistic design analysis shall be performed to aid in the characterization of the relative degree of risk associated with each condition. The RBD activity shall utilize and integrate with other design analyses (thermal, loads, strength etc.) to aid in characterizing the risk identified within the end item.

The Contractor shall perform reliability allocation, predictions and analysis to assess various flight risks to meet program requirements. The Contractor shall provide a Reliability Allocation, Predictions and Analysis Report in accordance with DRD 1273RM-001.  Reliability Predictions shall document the reliability model(s) and its underlying ground rules and assumptions used in the Reliability Allocation, Predictions, and Analysis Report along with supporting justification and limitations. 

2.6 
Development Test Planning, Procedures, and Reporting

The Contractor shall develop, document, and implement a development test program that confirms the design is in compliance with requirements.  The Contractor shall perform the following tasks as part of a comprehensive development program: 

a.
Development test planning shall be documented for the testing to be performed during test phase of this contract.  The development test planning shall be documented in accordance with DRD 1273DE-004.
b.
The development test procedures shall be documented in accordance with DRD 1273DE- 002.
c.
The development test reports shall be documented in accordance with DRD 1273DE-001.
2.7
 Fabrication and Assembly

The Contractor shall be responsible for conducting all fabrication and assembly activities in a manner which is consistent with and supports the requirements of this contract.

2.8 

Testing

The Contractor shall be responsible for conducting all required testing associated with the component, which includes development testing.  Tests shall be performed in an appropriately controlled environment, using controlled test procedures, test software (if applicable), and test equipment.  The Contractor shall:

1)
Prepare and submit development test procedures and test reports.

2)
Provide the test support equipment, test spares, and liaison during the tests.

3)
Perform test data analysis and simulations necessary to demonstrate compliance with the requirements.
2.8.1 
Test Equipment

The Contractor shall fabricate and assemble all mechanical and electrical test equipment and software required for testing or make arrangements for government supplied test facilities necessary for the performance of this SOW.
2.9       Delivery of the Prototype TVC System

The Contractor shall deliver the developed prototype TVC system and special test equipment to NASA Marshall Space Flight Center at completion in accordance with Section F.5 of the contract.  Two electronic copies of the completed documentation required in attachment J-2 of the contract shall be included with the shipment and provided on CD-ROM.
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