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Ares V Phase I Concept Development

Request for Proposal


ATTACHMENT J-1

STATEMENT OF WORK (SOW)

1.0

Introduction 
The Ares V is an integral part of the Constellation Program.  The Ares V Launch Vehicle Point of Departure (POD) architecture is defined in the “Ares V Pre-Phase A Study” located on the NAIS website.
The POD for Phase  I consists of the following elements (Work Packages), a Shroud (Work Package 1) which protects the Altair Lander, an Earth Departure Stage (Work Package 2), a Core Stage (Work Package 3), an integrated Avionics System (Work Package 4), and a five and a half segment solid First Stage (Work Package 5). 
The Ares V design is derived from the Ares I Vehicle which emphasizes safety, operability, and minimum life cycle cost. NASA is responsible for the integration of the primary elements of the Ares V Launch Vehicle and the design of the Ares V vehicle and elements, including technical and programmatic integration of the Elements and Government-furnished property.  NASA will lead the effort to develop the concept of operations, requirements and refining the design concepts.
2.0

Documents

The Contractor shall comply with all local, state and federal laws and regulations.
3.0

Project Management  

The Contractor shall develop, implement, and maintain a set of project management processes, systems, and data deliverables for all contract work.   The Contractor shall provide a schedule for development and delivery of all products specified in the SOW.  The Contractor shall participate in the Work Package quarterly Technical Interchange Meetings (TIMs), semi-annual Ares V integration/performance review meetings, and other Ares V meetings the Contractor deems necessary to deliver products specified herein. The Ares V Project Organization, Project Schedule, and Objectives of the five Milestone reviews during the period of performance can be found on the NAIS website.

. 
3.1
Reserved

3.2 Business Management
3.2.1 Reserved
3.2.2 Reporting
The Contractor shall document and report the work completed under this contract and fulfill the requirements of the associated Data Requirements Descriptions (DRDs) as outlined in Data Procurement Document (DPD) 1288 (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 2.3.3 of the Data Procurement Document.
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 1288CD-002.

The Contractor shall prepare and deliver a Subcontractor and Geographic Data Collection in accordance with DRD 1288MA-005.
The Contractor shall prepare and deliver Badged Employee and Remote IT User Listings in accordance with DRD 1288MA-007.
The Contractor shall prepare and deliver Contractor Employee Clearance Documents in accordance with DRD 1288MA-008.

The Contractor shall prepare and deliver Position Risk Designation for Non-NASA Employee in accordance with DRD 1288MA-009.
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.  The Contractor shall comply with all MSFC SHE Core Program requirements in MPR 8715.1, “Marshall Safety, Health and Environmental (SHE) Program” while working onsite at MSFC and provide a signed Safety, Health, and Environmental (SHE) Plan in accordance with DRD 1288SA-001.   

The Contractor shall report mishaps and safety statistics to the MSFC Industrial Safety Branch in accordance with DRD 1288SA-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 1288SA-002 or electronic equivalent to report mishaps and related information required to produce the safety metrics.
3.2.3 Technical Reporting
The Contractor shall develop and deliver a Quarterly Progress Report for each work package, with exception of the First Stage, in accordance with DRD 1288MA-004.

The Contractor shall develop and deliver a Final Report for each work package, with exception of the First Stage, in accordance with DRD 1288MA-010.
For the First Stage, Work Package 5, the Contractor shall develop and deliver a Quarterly Progress Report, in accordance with DRD 1288DE-001.

For the First Stage, Work Package 5, the Contractor shall develop and deliver a Final Report, in accordance with DRD 1288DE-001.

3.3
Information Technology (IT) Management 

a) All IT applications shall comply with NASA requirements as outlined in NPR 7150.2, NASA Software Engineering Requirements for the appropriate software classes, limited to classes E, F, and G.  
b) NASA will follow Product Lifecycle Management (PLM) principles for Ares V including singularity of information, cohesion, traceability, and correspondence.  Contractor provided deliverables including reports, models, data, and associated knowledge shall be compatible with the Ares model based/Pro-E design/development and knowledge management environment and capable of submission to the NASA Design and Data Management System (DDMS).

c) The Contractor shall implement a broad-based, balanced IT security program that utilizes a risk-based process for selecting the security controls for providing security commensurate with risk that includes both the likelihood and magnitude of harm resulting from the loss, misuse, or unauthorized access to or modification of information.

d) The Contractor shall implement and ensure information and information technology security (1) when information is generated, processed, stored or exchanged with NASA or on behalf of NASA regardless of whether the information resides on a Contractor/subcontractor or NASA information system and (2) when Contractor/subcontractor is required to obtain physical or electronic access to NASA’s computer systems or applications. 

3.4       Security Management
 The Contractor shall comply with CXP 70070, Constellation Program, Program Management Plan, Annex 5: Security Management Plan.
4.0 
Shroud Element
4.1
Assessment of Ares V Risks and Opportunities 
During the Phase I activities the Contractor shall assess the Shroud Element POD architecture for Risk and Opportunities as defined in DRD 1288MA-001.  The Government will utilize the risk and opportunities identified by the Contractor to prioritize and update the trades to be performed per the Technical Direction Clause in Section G.  Table 4-1 defines the Major Milestone Reviews.

Table 4-1 Major Milestone Reviews
	Base Period
	Option 1 Period
	Option 2 Period

	Functional Feasibility Review (FFR) 
	Concept of Design Review (CoDR)  


	System Definition Review (SDR)




	Preliminary Requirements Review (PRR)
	System Requirement Review (SRR)


	


4.2 Perform Ares V Trade Studies and Analyses
The Trade Studies and Analyses are listed in NASA’s priority within each period of performance.  During the Phase I activities NASA will lead the performance of the Shroud Element trade studies and analyses as a part of defining the concept of operations, requirements development, interface definition, and refining the design concepts prior to the Phase II hardware and software procurement activities.  It is NASA’s intent that both deterministic and probabilistic techniques be incorporated into the trade studies and analyses (Contractor will determine the specific techniques appropriate for the work proposed).
.  
The Contractor shall perform the trade studies and analyses in Table 4-2A for the Base Period of Performance, Table 4-2B for the Option I Period of Performance and Table 4-2C for the Option II Period of Performance.  
 NASA will provide the Contractor the ground rules and assumptions, the Figures of Merit (FOMs), and the appropriate weighting factors to be utilized in the trade studies, 10 working days prior to initiation of the trade study.  The initial FOMS to be utilized for proposal development can be found at the NAIS website. 
For specific analyses, NASA will provide the Contractor the ground rules and assumptions for each analysis 10 working days prior to initiation of the analysis.  
The Proposal shall also identify additional trade studies, analyses, and demonstrations the Contractor recommends to be completed during the Base Period of Performance, Option One Period of Performance, and the Option Two Period of Performance and their proposed approach.
Table 4-2A Payload Shroud Element Trades and Analyses - Base Period
	ID#
	Trades/Analyses
	Description

	4-B-01
	Payload Operational Concepts
	Identify payload servicing and integration concepts including Altair and other scientific payloads

	4-B-02
	One Dimensional Beam Model
	Develop a One dimensional beam model for structural loads analysis

	4-B-03
	Payload Acoustic Levels
	Perform a sensitivity analysis of acoustic blankets relative to performance over a range of maximum internal acoustic levels from lift off through separation.  Trade payload acoustic level accommodation against acoustic blanket masses and thicknesses.

	4-B-04
	Ignition Over Pressure (IOP) and Lift Off Acoustics Levels
	Trade acceptable IOP levels and lift off acoustics based on water suppression, ground system deflection vs. on board dampening approaches and provide recommendations and assess the on board dampening approaches

	4-B-05
	Joint Assessment
	Assess the use of single piece vs. jointed sections for 2, 3, and 4 petal Shroud Element configurations

	4-B-06
	Structural Concept Trade
	Evaluate alternative structural concepts and address panel limits

	4-B-07
	Use of TPS vs. Higher Temperature Composite Materials (Composite Material Assessment)
	Perform a composite resin-fiber material/curing process sensitivity analysis from technology availability and cost perspective over the range of operating temperatures of the Shroud Element.  Trade the use of higher temperature composites in lieu of TPS

	4-B-08
	Composite Material Survivability Assessment
	Assess the ability of potential composite core structures to withstand (maintain properties) acoustic levels from lift off through separation

	4-B-09
	Applicability of Past Payload  Fairing/Shroud Element Trades and Analyses
	Identify the potential applicability of past payload fairing/Shroud Element trades and analyses, lessons learned, analysis tools used

	4-B-10
	Identification Of First Order Design Parameters
	Identification of first order design parameters for the Payload Shroud Element and perform a sensitivity analysis on these parameters


Table 4-2B Payload Shroud Element Trades and Analyses – Option 1 Period
	ID#
	Trades/Analyses
	Description

	4-O1-01
	Payload Envelopes
	Determine maximum available payload envelope

	4-O1-02
	Transportation Logistics Analyses
	Identify transportation alternatives (from manufacturing site to qualification and launch sites), handling equipment, complexity and associated costs for 2, 3, and 4 petal Shroud Element configurations

	4-O1-03
	Manufacturing Commonality of Large Composite Dry Structure
	Evaluate impacts of common manufacturing processes of large dry composite structure

	4-O1-04
	Manufacturing Assessment
	Identify manufacturing processes, facilities, and costs to manufacture 2, 3, and 4 petal Shroud Element configurations.  Trade autoclave vs. out of autoclave processes

	4-O1-05
	Separation Assessment
	Identify separation system types and associated performance for 2, 3, and 4 petal Shroud Element configurations

	4-O1-06
	Damage Tolerance
	Identify damage tolerance levels and assess alternative technology approaches

	4-O1-07
	Separation Event
	Trade conditions for separation to assess vehicle performance and complexity

	4-O1-08
	Assess Element Interfaces
	Assess all payload Shroud Element interfaces


 Table 4-2C Payload Shroud Element Trades and Analyses – Option 2 Period
	ID#
	Trades/Analyses
	Description

	4-O2-01
	Disposal  Alternatives/ Assessment
	Trade potential disposal options of the Shroud Element post separation

	4-O2-02
	Qualification and Development Assessment
	Identify/trade development and qualification tests and analyses required.  Assess facility requirements for qualification of 2, 3, and 4 petal Shroud Element configurations

	4-O2-03
	Separation System Options
	Identify horizontal and vertical separation system options, performance, physical characteristics, reliability, and cost for 2, 3, and 4 petal Shroud Element configurations

	4-O2-04
	Acoustic Blanket Concept
	Evaluate alternative acoustic blanket and attachment concepts

	4-O2-05
	TPS Material
	Evaluate alternative TPS material concepts

	4-O2-06
	Commonality Assessment
	Identify potential Shroud Element components and their performance/physical characteristics that may be common to existing payload fairings/shrouds in production

	4-O2-07
	Reliability Analyses
	Evaluate the reliability of 2, 3, and 4 petal Shroud Element configurations

	4-O2-08
	Assembly and Handling Process
	Trade Shroud Element assembly and handling process approaches

	4-O2-09
	Integrated Logistics Support Analysis
	Trade logistic support alternatives from vendor manufacturing through disposal.  This includes use and comparative analyses.

	4-O2-10
	Qualification Approach
	Evaluate the risk, schedule, and cost impacts of forgoing qualification testing to the next level at the component, subsystem level and forgoing element qualification thus going to the Ares V test flight

	4-O2-11
	3 Dimensional Beam Model
	Develop a 3 dimensional beam model for structural loads analysis


The Contractor shall prepare and deliver a Trade and Analyses Report in accordance with DRD 1288MA-002.

4.3
Assessment of Ares V Requirements
During each of the Periods of Performance the Contractor shall assess NASA’s requirements.  NASA will provide the requirements 60 days prior to the review initiation and the Contractor shall provide a written assessment to NASA in accordance with DRD 1288MA-006, Requirements Assessment.  Table 4-3 defines the requirements to be assessed in each period of performance
Table 4-3 Ares V Requirements Assessment
	Base Period
	Option 1 Period
	Option 2 Period

	
	
	

	Functional Feasibility Review

· Level II Requirements (Constellation Architecture Requirements Document – CxP 70000) 
	Concept of Design Review (CoDR)  

· Level III Requirements

·  Level IV (Shroud  Element Requirements) KDRs
	System Definition Review

· Level IV Requirements

	Preliminary Requirements Review

· Updated Level II Requirements

· Level III (Ares V System Requirements) Key Design Requirements (KDRs)
	System Requirements Review

· Updated Level III Requirements

· Level IV Requirements


	 


4.4

Final Report
The Contractor shall provide a Final Report in accordance with DRD 1288MA-010.
5.0 
Earth Departure Stage (EDS) Element
5.1
Assessment of Ares V Risks and Opportunities 
During the Phase I activities the Contractor shall assess the EDS Element Point of Departure (POD) architecture for Risk and Opportunities as defined in DRD 1288MA-001, Risk and Opportunities Identification.  The Government will utilize the risk and opportunities identified by the Contractor to prioritize and update the trades to be performed.  Table 5-1 defines the Major Milestone Reviews
Table 5-1 Major Milestone Reviews
	Base Period
	Option 1Period
	Option 2 Period

	Functional Feasibility Review (FFR)
	Concept of Design Review (CoDR)  


	System Definition Review (SDR)




	Preliminary Requirements Review (PRR)
	System Requirement Review (SRR)
	


5.2 Perform Ares V Trade Studies and Analyses
The Trade Studies and Analyses are listed in NASA’s priority within each period of performance.  During the Phase I activities NASA will lead the performance of the EDS Element trade studies and analyses as a part of defining the concept of operations, requirements development, interface definition, and refining the design concepts prior to the Phase II hardware and software procurement activities.  It is NASA’s intent that both deterministic and probabilistic techniques be incorporated into the trade studies and analyses (Contractor will determine the specific techniques appropriate for the work proposed).
The Contractor shall perform the trade studies and analyses in Table 5-2A for the Base Period of Performance, Table 5-2B for the Option I Period of Performance and Table 5-2C for the Option II Period of Performance.   

NASA will provide the Contractor the ground rules and assumptions, the Figures of Merit (FOMs), and the appropriate weighting factors to be utilized in the trade studies, 10 working days prior to initiation of the trade study.   The initial FOMS to be utilized for proposal development can be found at the NAIS website.
NASA will provide the Contractor the ground rules and assumptions for each analysis 10 working days prior to initiation of the analysis.  
The Proposal shall also identify additional trade studies, analyses, and demonstrations the Contractor recommends to be completed during the Base Period of Performance, Option One Period of Performance, and the Option Two Period of Performance and their proposed approach.

Table 5-2A EDS Element Trades and Analyses – Base Period
	ID #
	Trade/Analysis Name
	Description

	5-B-01
	One Dimensional Beam Model
	Develop a one dimensional Finite Element Model for the EDS Element

	5-B-02
	Trade EDS Element Concept
	Trade study to evaluate the EDS Element concept, including Main Propulsion system (MPS), Thermal Protection System (TPS) including cryogenic management and aero heating, tanks, and structures

	5-B-03
	Manufacturing Approach
	Develop a manufacturing approach for the EDS Element

	5-B-04
	Identification of First Order Design Parameters
	Identification of first order design parameters for the EDS Element and perform a sensitivity analysis of these parameters


	5-B-05
	Thermal Analysis
	Develop a thermal analysis for the EDS Element and evaluate TPS options

	5-B-06
	Evaluate TPS materials
	Assessment of TPS materials applicable to the EDS Element

	5-B-07
	Human Rated vs. Non- Human Rated
	Evaluation of the implications/impacts for human rating the EDS Element

	5-B-08
	Trade Study Al-2195 vs.  Alternate Alloys
	Trade study to assess Al-2195 vs. alternate alloys for the EDS Element

	5-B-09
	Composite vs. Aluminum for Un-pressurized Structures
	Trade study between composite vs. aluminum for 

un-pressurized structure for the EDS Element


Table 5-2B EDS Element Trades and Analyses – Option 1 Period
	ID #
	Trade/Analysis Name
	Description

	5-O1-01
	Trade to Mature EDS Element Design Concept 
	Trade study to mature the  EDS Element design concept, including Main Propulsion system (MPS), Thermal Protection System (TPS) including cryogenic  management and aero heating, tanks, and structures

	5-O1-02
	Operability Analysis
	Operability analysis of the EDS Element (ground and flight) including facilities and Ground Support Equipment (GSE) to improve operability

	5-O1-03
	EDS Element Concept Refinement
	Structural concept refinement to reduce propellant boil-off during loiter

	5-O1-04
	Evaluation of Manufacturing Large Composite Dry Structures
	Evaluation of the manufacturing capability for large composite dry structures - output of this trade will be used in the Ares V System study 

	5-O1-05
	Micro Meteoroid Orbital Debris  (MMOD)  and Forward Skirt Separation Trade Study
	Trade Study to assess options for the Micro Meteoroid Orbital Debris  (MMOD) and forward skirt separation

	5-O1-06
	Component Commonalities 
	Trade study on subsystem and component commonalities across EDS Element; output will be used for input to Ares V system study  

	5-O1-07
	Evaluate TPS materials
	Refinement of the TPS materials assessment

	5-O1-08
	Manufacturing Approach
	Refinement the manufacturing approach for the EDS Element

	5-O1-09
	On Orbit thermal analysis
	On Orbit thermal analysis to assess propellant boil-off during loiter

	5-O1-10
	Increase Al-2195  Ingot Size
	Assessment of increasing 2195 Al ingot size to >20k vs. using current size (12-13K)


	5-O1-11
	Friction Stir Welding Development
	Assessment of  Friction Stir Welding for thick plates, >0.375 in

	5-01-12
	Reliability Analyses
	Evaluate the reliability of EDS Element design concept


Table 5-2C EDS Element Trades and Analyses – Option 2 Period
	ID #
	Trade/Analysis Name
	Description

	5-O2-01
	Reliability Analyses
	Refinement of  the EDS Element reliability assessment

	5-O2-02
	Component Commonalities 
	Refinement of the  subsystem and component commonalities assessment EDS Element; output will be used for input to Ares V system study which will then be applied to Constellation architecture  

	5-O2-03
	Trade to Mature EDS Element Design 
	Trade study to mature the  EDS Element design, including Main Propulsion system (MPS), Thermal Protection System (TPS)  including cryogenic management and aero heating, tanks, and structures 

	5-O2-04
	Operability Analysis
	Refinement of the EDS Element Operability Analysis (ground and flight)  including facilities and Ground Support Equipment (GSE) to improve operability  

	5-O2-05
	Logistic Support Analysis
	Logistic Support Analysis of the EDS Element (This includes the logistic, supportability and Maintainability tradeoff and analysis).  Output of this analysis will be an input into the Ares V System Logistic Support Analysis 

	5-O2-06
	Qualification and Development Assessment
	Identify/trade development and qualification tests and analyses required.  Assess testing and facility requirements for development and qualification of the EDS Element.

	5-O2-07
	Weld and Assembly Tooling
	Assess Weld and assembly tooling options for large diameters

	5-O2-08
	Propellant Settling Analysis
	Propellant Settling Analysis to assess the EDS Element for Slosh 

	5-O2-09
	Cryogenic Fluid Management (CFM) Analyses
	Cryogenic Fluid Management and Re-pressurization including In-space CFM/MPS/Thermal management-study 

	5-O2-10
	Analysis of J2-X Engine Start and Restart Options
	Analysis of J2-X Engine Start and Restart Options

	5-O2-11
	TVC Actuator Trade
	Trade different Thrust Vector Control (TVC) actuator types (e.g. EMA vs. hydraulics vs. other options) and sources 

	5-O2-12
	3 Dimensional Beam Model
	Develop a 3 dimensional beam model for the EDS Element 

	5-O2-13
	Dome Manufacturing
	Spin Forming of Monolithic Dome vs. Welded Domes


The Contractor shall prepare and deliver a Trade and Analyses Report in accordance with DRD 1288MA-002.
5.3
Assessment of Ares V Requirements

During each of the Periods of Performance the Contractor shall assess NASA’s requirements.  NASA will provide the requirements 60 days prior to the review initiation and the Contractor shall provide a written assessment to NASA in accordance with DRD 1288MA-006, Requirements Assessments.  Table 5-3 defines the deliverable in each period of performance.
Table 5-3 Ares V Requirements Assessment
	Base Period
	Option 1 Period
	Option 2 Period

	
	
	

	Functional Feasibility Review

· Level II Requirements (Constellation Architecture Requirements Document  – CxP 70000) 
	Concept of Design Review (CoDR)  

· Level III Requirements

·  Level IV (EDS  Element Requirements) KDRs
	System Definition Review

· Level IV Requirements

	Preliminary Requirements Review

· Updated Level II Requirements

· Level III (Ares V System Requirements) Key Design Requirements (KDRs)
	System Requirements Review

· Updated Level III Requirements

· Level IV Requirements


	 


5.4

Final Report
The Contractor shall provide a Final Report in accordance with DRD 1288MA-010.
6.0 
Core Element  

6.1
Assessment of Ares V Risks and Opportunities 
During the Phase I activities the Contractor shall assess the Core Element  Point of Departure (POD) architecture for Risk and Opportunities as defined by DRD 1288MA-001, Risk and Opportunities Identification.  The Government will utilize the risk and opportunities identified by the Contractor to prioritize and update the trades to be performed.  Table 6-1 defines the Major Milestone Reviews.
Table 6-1 Major Milestone Reviews
	Base Period
	Option 1 Period
	Option 2 Period

	Functional Feasibility Review (FFR)
	Concept of Design Review (CoDR)  


	System Definition Review (SDR)




	Preliminary Requirements Review (PRR)
	System Requirement Review (SRR)


	


6.2 Perform Ares V Trade Studies and Analyses
The Trade Studies and Analyses are listed in NASA’s priority within each period of performance
During the Phase I activities NASA will lead the performance of the Core Element trade studies and analyses as a part of defining the concept of operations, requirements development, interface definition, and refining the design concepts prior to the Phase II hardware and software procurement activities.  It is NASA’s intent that both deterministic and probabilistic techniques be incorporated into the trade studies and analyses (Contractor will determine the specific techniques appropriate for the work proposed).
The Contractor shall perform the trade studies and analyses in Table 6-2A for the Base Period of Performance, Table 6-2B for the Option I Period of Performance and Table 6-2C for the Option II Period of Performance.   

NASA will provide the Contractor the ground rules and assumptions, the Figures of Merit (FOMs), and the appropriate weighting factors to be utilized in the trade studies, 10 working days prior to initiation of the trade study.  The initial FOMS to be utilized for proposal development can be found at the NAIS website.
NASA will provide the Contractor the ground rules and assumptions for each analysis 10 working days prior to initiation of the analysis.  
The Proposal shall also identify additional trade studies, analyses, and demonstrations the Contractor recommends to be completed during the Base Period of Performance, Option One Period of Performance, and the Option Two Period of Performance and their proposed approach.

Table 6-2A Core Element Trades and Analyses – Base Period of Performance
	ID#
	Trade/Analysis Name
	Description

	6-B-01
	One Dimensional Beam Model
	Develop a one dimensional Finite Element Model for the Core Element

	6-B-02
	RS-68 Engine Layout 
	Evaluation of the different layouts options for the RS-68 engine

	6-B-03
	Composite Vs. Aluminum For Un-Pressurized Structures
	Trade study between composite vs. aluminum for 

the intertank and aft thrust structure 

	6-B-04
	Base Heating Analysis
	Develop the base heating environment for the Core Element and evaluate Thermal Protection System options

	6-B-05
	Trade Core Concept
	Trade study to evaluate the  Core Element concept, including Main Propulsion system (MPS), Thermal Protection System (TPS), tanks, and structures

	6-B-06
	Identification Of First Order Design Parameters
	Identification of first order design parameters for the Core Element and a perform a sensitivity analysis of these parameters

	6-B-07
	Human Rated Vs. Non Human Rated
	Study to assess the implications for human rating vs. non human rating of the Core Element

	6-B-08
	Evaluate TPS Materials
	Evaluation of  TPS materials applicable to the Core Element

	6-B-09
	Manufacturing Approach
	Develop a manufacturing approach for the Core Element

	6-B-10
	Trade Study Al-2219 vs. 2195 and alternate aluminum alloys
	Trade study between Al 2219, Al- 2195 and alternate aluminum alloys  relative to the Core Element


Table 6-2B Core Element  Trades and Analyses –Option 1 Period of Performance
	ID #
	Trade/Analysis Name
	Description

	6-O1-01
	RS-68 Engine Layout 
	Refinement of layouts options for the RS-68 engine

	6-O1-02
	Trade to Mature Core Element Design Concept 
	Refinement of the Core Element design concept, including Main Propulsion system (MPS), Thermal Protection System (TPS), tanks, and structures

	6-O1-03
	Evaluation Of Manufacturing Large Composite Dry Structures
	Evaluation of the manufacturing capability for large composite dry structures; output of this trade will be used in the Ares V System study and in turn the Constellation  Program  study

	6-O1-04
	Evaluate TPS Materials
	Refinement of the TPS materials applicable to the Core Element

	6-O1-05
	Reliability Analyses
	Evaluate the reliability of Core Element design concept

	6-O1-06
	Component Commonalities 
	Trade study on subsystem and component commonalities across Core Element; output will be used for input to Ares V system study which will then be applied to Constellation architecture  

	6-O1-07
	Thermal Analysis
	Thermal analysis of the Core Element including engine layout

	6-O1-08
	Operability Analysis
	Operability analysis (ground and flight) of the Core element including, facilities and Ground Support Equipment (GSE) to improve operability

	6-O1-09
	Manufacturing Approach
	Refinement of the manufacturing approach for the Core Element

	6-O1-10
	Develop Friction Stir Welding Development
	Assess Friction Stir Welding for thick plates, >0.375 in

	6-O1-11
	Increase Al-2195  Ingot Size
	Assess increasing 2195 Al ingot size to >20klbs 


Table 6-2C Core Element Trades and Analyses –Option 2 Period of Performance
	ID #
	Trade/Analysis Name
	Description

	6-O2-01
	Logistic Support Analysis
	Logistic Support Analysis of the Core Element (This includes the logistic, supportability and Maintainability tradeoff and analysis); Output of this analysis will be an input into the Ares V System Logistic Support Analysis

	6-O2-02
	Trade to Mature Core Element Design 
	Trade study to mature the Core Element design, including Main Propulsion system (MPS), Thermal Protection System (TPS), tanks, and structures

	6-O2-03
	Thermal Analysis
	Updated Thermal Analysis of the Core Element including engine layout

	6-O2-04
	Operability Analysis
	Refinement of  the Core Element Operability Analysis (ground and flight) to including, facilities and Ground Support Equipment (GSE) to improve operability

	6-O2-05
	Reliability Analyses
	Refinement of the reliability assessment of  the Element

	6-O2-06
	Weld and Assembly Tooling Trade Study
	Trade Study to evaluate Weld and assembly tooling options for large diameters

	6-O2-07
	Spin Forming Vs. Welded Domes
	Spin Forming of Monolithic vs. Welded Large Domes



	6-O2-08
	Qualification and Development Assessment
	Identify/trade development and qualification tests and analyses required.  Assess testing and facility requirements for development and qualification of the Core Element.

	6-O2-09
	Component Commonalities 
	Trade study on subsystem and component commonalities across Core Element; output will be used for input to Ares V system study which will then be applied to Constellation architecture  

	6-O2-10
	TVC Actuator Trade
	Trade the different Thrust Vector Control (TVC) actuator types (e.g. EMA vs. hydraulics vs. other options) and sources 

	6-O2-11
	3 Dimensional Beam Model
	Develop a 3 dimensional beam model for the Core Element 

	6-O2-12
	Propellant Settling Analysis
	Propellant Settling Analysis to assess the Core Element for Slosh 


The Contractor shall prepare and deliver a Trade and Analyses Report in accordance with DRD 1288MA-002.

6.3
Assessment of Ares V Requirements

During each of the Periods of Performance the Contractor shall assess NASA’s requirements.  NASA will provide the requirements 60 days prior to the review initiation and the Contractor shall provide a written assessment to NASA in accordance with DRD 1288MA-006, Requirements Assessment.  Table 6-3 defines the deliverable in each period of performance.
Table 6-3 Ares V Requirements Assessment
	Base Period
	Option 1 Period
	Option 2 Period

	
	
	

	Functional Feasibility Review

· Level II Requirements (Constellation Architecture Requirements Document– CxP 70000)

	Concept of Design Review (CoDR)  

· Level III Requirements

·  Level IV (Core Element Requirements) KDRs
	System Definition Review

· Level IV Requirements

	Preliminary Requirements Review

· Updated Level II Requirements

· Level III (Ares V System Requirements) Key Design Requirements (KDRs)
	System Requirements Review

· Updated Level III Requirements

· Level IV Requirements


	 


6.4

Final Report
The Contractor shall provide a Final Report in accordance with DRD 1288MA-010.
7.0 
Avionics Element
7.1
Assessment of Ares V Risks and Opportunities 
During the Phase I activities the Contractor shall assess the Avionics Element Point of Departure (POD) architecture for Risk and Opportunities as defined by DRD 1288MA-001, Risk and Opportunities Identification.  The Government will utilize the risk and opportunities identified by the Contractor to prioritize and update the trades to be performed.  Table 7-1 defines the Major Milestone Reviews.
Table 7-1 Major Milestone Reviews
	Base Period
	Option 1 Period
	Option 2 Period

	 Functional Feasibility Review (FFR) 


	Concept of Design Review (CoDR)  


	System Definition Review (SDR)




	Preliminary Requirements Review (PRR)
	System Requirement Review (SRR)


	


7.2 Perform Ares V Trade Studies and Analyses
The Trade Studies and Analyses are listed in NASA’s priority within each period of performance.  During the Phase I activities NASA will lead the performance of the Avionics Element trade studies and analyses as a part of defining the concept of operations, requirements development, interface definition, and refining the design concepts prior to the Phase II hardware and software procurement activities.  It is NASA’s intent that both deterministic and probabilistic techniques be incorporated into the trade studies and analyses, (Contractor will determine the specific techniques appropriate for the work proposed).
The Contractor shall perform the trade studies and analyses in Table 7-2A for the Base Period of Performance, Table 7-2B for the Option I Period of Performance and Table 7-2C for the Option II Period of Performance.   

NASA will provide the Contractor the ground rules and assumptions, the Figures of Merit (FOMs), and the appropriate weighting factors to be utilized in the trade studies, 10 working days prior to initiation of the trade study.   The initial FOMS to be utilized for proposal development can be found at the NAIS website.
NASA will provide the Contractor the ground rules and assumptions for each analysis 10 working days prior to initiation of the analysis.  
The Proposal shall also identify additional trade studies, analyses, and demonstrations the Contractor recommends to be completed during the Base Period of Performance, Option One Period of Performance, and the Option Two Period of Performance and their proposed approach.
Table 7-2A Avionics Element Trades and Analyses – Base Period of Performance
	ID#
	Trade/Analysis Name
	Description

	7-B-01
	Trade Study to Evaluate Ares V Avionics Element Architecture 
	Trade the applicability of the Ares I architecture to the Ares V POD architecture and assess centralized vs. decentralized avionics control, number of strings, redundancy and mass 

	7-B-02
	Trade Study to assess Redundancy Management Approaches For Ares V Vehicle Avionics And Power Systems
	Trade options for implementation requirements for management and switch over options for redundant components during the Ares V flight phases

	7-B-03
	Trade Study on  Synchronized vs. Non-Synchronized Avionics Architectures
	Trade study on Synchronized vs. Non-Synchronized Avionics architectures implementations 

	7-B-04
	Ares V Electrical Ground Support Equipment Trade Study
	Trades study looking at Ares V electrical ground support equipment options, including the use of common equipment and software and use of Ares I infrastructure and GSE

	7-B-05
	Fault Management Architectural Trade Study 
	Trade study assessing various software fault management architectural approaches for use on Ares V, including an assessment of existing approaches for Ares I, Orion 

	7-B-06
	Trade Study to Evaluate Data Needed For The Ground During Nominal And Off Nominal Flight Conditions
	Base on industry experiences, perform a trade study to determine amount of data needed for the ground during nominal and off nominal flight conditions including the use of video data

	7-B-07
	Human Rated Vs. Non Human Rated
	Study to assess the implications for human rating vs. non human rating of the Ares V avionics and power architectures 

	7-B-08
	Trade Study to Assess Active Vs Passive Avionics Cooling 
	Trade study on options for Active vs. Passive avionics cooling for the Ares V elements

	7-B-09
	Trade Study to Assess Ground Vs Onboard Software Functionality Options For Ares V
	Trade study to assess options for locating software functionality for Ares V in the Ground system (Launch and mission control) vs. onboard flight computers

	7-B-10
	Trade Study to Assess Data Buses For Ares V Avionics Architecture 
	Trade to determine critical and non critical data bus options and limitations for Ares V avionics architecture

	7-B-11
	Trade Study to Assess  Location Of The Ares V Avionics Control Components Against The POD Ares V Architecture
	Trade study assessing options for location of the Ares V avionics control components against the POD Ares V architecture

	7-B-12
	Identification Of First Order Design Parameters
	Identification of first order design parameters for the avionics and perform a sensitivity analysis of these parameters


Table 7-2B Avionics Element Trades and Analyses –Option 1 Period of Performance
	ID #
	Trade/Analysis Name
	Description

	7-O1-01
	Trade Study to Assess Preliminary Software  Architecture
	Provide an assessment of the preliminary software architecture for the Ares V POD avionics architecture

	7-O1-02
	Trade Study to Assess Common Cause Failure Mitigation 
	Trade to assess options for software and hardware common cause failure mitigation

	7-O1-03
	Trade Study to Assess KSC  Operations 
	Trade study to assess avionics and software testing options and approaches during KSC operations including the pre launch Pad operations

	7-O1-04
	Trade to Mature Avionics Design 
	Trade study to mature the Avionics design. 

	7-O1-05
	Operability Analysis
	Refinement of  the Avionics Operability Analysis to including, facilities and Ground Support Equipment (GSE) to improve operability

	7-O1-06
	Reliability Analyses
	Evaluate the reliability of Avionics design concept

	7-O1-07
	Trade Study to Assess RF Downlink  Systems
	Trade study to assess state of the industry in communication including RF downlink systems

	7-O1-08
	Power Quality Requirements
	Provide a assessment of the Constellation Power Quality requirements

	7-O1-09
	Trade Study to Assess Range Tracking Requirements Including Tracking Data
	Trade study to assess implementation options for Range tracking requirements including tracking data

	7-O1-10
	Firmware Development And Testing Guidelines
	Provide an assessment of industry firmware development and testing guidelines

	7-O1-11
	Trade Study to Assess Launch Window Requirements For Avionics And Power System Components  


	Trade study on implementation options for launch window requirements for avionics and power system components based on historical data

	7-O1-12
	Trade Study to Assess Ground Facility Coverage
	Provide an assessment of options for ground facility coverage analysis for Ares V data

	7-O1-13
	Software and Avionics System Test Beds 
	Perform a assessment of the fidelity and number of the software and avionics system test beds required to develop Ares V avionics and software

	7-O1-14
	Trade Study to Assess Booster  Avionics 
	Trade study to assess of the cost of reusing the booster avionics after retrieval of the booster elements vs. new avionics components for each flight


	7-O1-15
	Trade Study to Assess Software Requirements Documentation Approach 
	Trade study on Software requirements documentation approach including the use of IP&CL data and Software Data Dictionary items

	7-O1-16
	Pitch And Yaw Attitude Stability & Control Requirements
	Provide Pitch and yaw attitude stability and control requirements and implementation options for ARES V POD architecture

	7-O1-17
	Trade Study to Assess GPS Capabilities on Ares V 
	Trade study on the use and scope of GPS capabilities on Ares V 

	7-O1-18
	EEE Part Selections
	Define a process for EEE part selections including reliability requirement considerations, cost and schedule

	7-O1-19
	Trade Study to Assess  Pyrotechnics Standard Ordinance Initiators 
	Trade study on legacy pyrotechnics vs. data bus approach -- standard ordinance initiators versus intelligent initiators capable of interfacing with a multiplexed data bus.

	7-O1-20
	Software Dynamic And Static Analyzer Tools for Ares V Software Development
	Assessment of the industry practice in use of software dynamic and static analyzer tools for Ares V software development

	7-O1-21
	Trade Study to  Assess Software Reliability 
	Trade study on the feasibility of using different software reliability approaches combined into the overall avionics reliability model

	7-O1-22
	Trade Study to Assess Common Avionics Components With Altair And Ares I And Orion
	Trade to assess advantages vs. disadvantages from the use of common avionics components with Altair and Ares I and Orion including projections for long term availability of parts and components

	7-O1-23
	Trade Study to Assess Control & Communication Requirements for The Core Element
	Trade study to implications and impacts to the Ares V avionics and power system design for various control and communication requirements for the Core Element and EDS after separation from the vehicle 

	7-O1-24
	Ares V Avionics And Software Development Schedule Assessment
	Provide a assessment of the Ares V Avionics and Software Development Schedule 

	7-O1-25
	Trade Study to Assess Power System Distribution 
	Trade to assess power system distribution design for each element, including assessment of component mass estimates (Centralized vs. Decentralized)


Table 7-2C Avionics Element Trades and Analyses –Option 2 Period of Performance
	ID #
	Trade/Analysis Name
	Description

	7-O2-01
	Probabilistic Risk Assessment Of The Ares V Avionics And Software Architecture
	Provide an analysis showing a probabilistic Risk Assessment of the Ares V avionics and software architecture

	7-O2-02
	Trade Study to Assess Use Of Auto Coders In Ares V Software Development
	Trades study to assess the use of auto coders in Ares V software development domain environment 

	7-O2-03
	Trade Study to Assess Software Development Environments And Software Tools
	Trade study to assess the state of the practice in the area of software development environments and software tools 

	7-O2-04
	Trade Study to Assess Wireless Communications For OFI And DFI Components
	Trade study on the use of Wireless communications for OFI and DFI components

	7-O2-05
	Trade Study to Assess Updates To Reprogrammable Devices
	Trade study options for updates to reprogrammable devices in the avionics Line Replaceable Units (LRUs) during ground and pre-launch operations. 

	7-O2-06
	False Negatives And False Positive Requirements
	Provide an analysis of techniques and implementation requirements for detection of failures leading to an abort 

	7-O2-07
	Qualification and Development Assessment
	Identify/trade development and qualification tests and analyses required.  Assess testing and facility requirements for development and qualification of the Avionics Element.

	7-O2-08
	Roll Control Capability And Error
	Analysis for the roll control capability and error for the Ares V POD architecture

	7-O2-09
	Trade Study to Assess Avionics Mounting Approaches
	Trade study on Avionics Mounting approaches 

	7-O2-10
	Trade Study to Assess Processor Selections
	Trade study to assess the state of the industry for processor selections including performance analysis and processor selection criteria and upgrade plans 


	7-O2-11
	Vehicle Timing Analysis
	Assessment of the preliminary vehicle timing analysis, including vehicle control timing

	7-O2-12
	Navigational Sensor Accuracies
	Trade study to assess industry options for available space based navigational sensor accuracies

	7-O2-13
	Trade Study to Assess Battery System 
	Trade study Battery including pad charging approach and Battery System Chemistry

	7-O2-14
	Environmental Qualification And Acceptance Testing Of Avionics And Power System Components And System Testing
	Provide recommendations for requirements for environmental qualification and acceptance testing of avionics and power system components and system testing

	7-O2-15
	Radiation Hard Impact On Ares V Avionics
	Provide an analysis of Radiation hard impact on Ares V avionics, sensors and power system components

	7-O2-16
	End-To-End Latency Analysis For The Ares V POD Avionics Architecture
	Provide an analysis of End-to-end latency analysis for the Ares V POD avionics architecture 

	7-O2-17
	Trade Study to Assess Data Recording On Ares V
	Trade study to assess implement options and requirement options for command logging and data recording on Ares V

	7-O2-18
	Trade Study to Assess Optical Communications
	Trade study to assess the feasibility of using Optical communications

	7-O2-19
	Time Accuracy To UTC
	Trade study assess options for vehicle time accuracy to UTC during ascent

	7-O2-20
	Trade Study to Assess Software Programming Language 
	Trade study on Software programming language selection for Ares V flight software 

	7-O2-21
	Trade Study to Assess Software Configuration Management 
	Trade study on Software configuration management and software build tools and processes 


The Contractor shall prepare and deliver a Trade and Analyses Report in accordance with DRD 1288MA-002.
7.3
Assessment of Ares V Requirements

During each of the Periods of Performance the Contractor shall assess NASA’s requirements.  NASA will provide the requirements 60 days prior to the review initiation and the Contractor shall provide a written assessment to NASA within 30 days in accordance with DRD 1288MA-006, Requirements Assessment.  Table 7-3 defines the deliverable in each period of performance.

Table 7-3 Ares V Requirements Assessment
	Base Period
	Option 1 Period
	Option 2 Period

	
	
	

	Functional Feasibility Review

· Level II Requirements (Constellation Architecture Requirements Document– CxP 70000) 

	Concept of Design Review (CoDR)  

· Level III Requirements

·  Level IV (Avionics Element Requirements) KDRs
	System Definition Review

· Level IV Requirements

	Preliminary Requirements Review

· Updated Level II Requirements

· Level III (Ares V System Requirements) Key Design Requirements (KDRs)
	System Requirements Review

· Updated Level III Requirements

· Level IV Requirements


	 


7.4

Final Report
The Contractor shall provide a Final Report in accordance with DRD 1288MA-010. 
8.0 
First Stage Element
NASA’s current Ares V POD meets lunar requirements with sufficient margin.  NASA is interested in exploring the trade space of First Stage concepts that will allow for increased capability beyond the current requirements. 

The Contractor shall propose an upgraded performance solid rocket fueled booster approach (number of segments in Contractor’s trade space) for the First Stage Element.  The approach and design will be Contractor led and shall exceed the POD requirements in Table 8-2 and satisfy those in Table 8-3 (no targets on performance but the constraints in table 8-3 are not tradable).  It is NASA’s intent that both deterministic and probabilistic techniques be incorporated into the trade studies and analyses (Contractor will determine the specific techniques appropriate for the work proposed). 
The Contractor shall support the following Milestone Reviews as shown in Table 8-1.

Table 8-1 Major Milestone Reviews
	Base Period
	Option 1 Period
	Option 2 Period

	 Functional Feasibility Review (FFR) 


	Concept of Design Review (CoDR)  


	System Definition Review (SDR)




	Preliminary Requirements Review (PRR)
	System Requirement Review (SRR)

	


During the Base Period of Performance the Contractor’s approach shall address the following items:
· Nozzle geometry and material, propellant formulation 

· Structural material concepts

· TVC architecture and capability

· Physical characteristics

· Transportation and logistics

· Assembly and operations 

· Test philosophy for stage and major subsystems

· Performance description (including thrust trace) to meet or exceed performance requirements.  

· Description of hazards and evaluation of critical hazard elimination with respect to the POD

· Description of the Contractor’s capabilities and facilities for design, test, manufacturing, and integration. 
· Degree of reusability (degree of reusability and recovery is in Contractor’s trade space)
· Top level schedule 

· Recurring and nonrecurring cost summary, including confidence 
· Assess relationship/commonality with Ares I

· Any additional trade studies and analyses the Contractor wants to propose
The Contractor shall prepare and deliver a First Stage Design Concept in accordance with DRD 1288DE-001.

Table 8-2 Current Ares V POD Requirements
	ARES V Requirements
	English
	Metric

	 
	 
	 
	 
	 

	Payload Minimum at 130 nmi (240.8 km) Altitude
	413,888
	lbm
	187.7
	MT

	Maximum g
	4.17
	g
	4.17
	g

	Maximum q
	800
	psf
	38,304
	pascal


Table 8-3 First Stage Element Physical Constraints
	First Stage Element Physical Constraints
	English 
	Metric 

	 
	 
	 

	Number of Boosters
	2
	2

	Booster Length - Nozzle exit to Booster top
	170-185 (ft)
	51.8-56.4 (m)

	Motor Case & Fwd Structures Max Outer Diameter
	12.3 (ft)
	3.8 (m)

	Aft Skirt Max Diameter 
	17.5 (ft)
	5.3 (m)


During the Option 1 period of performance the Contractor shall refine their concept to exceed the POD requirements in Table 8-2 and satisfy those in Table 8-3.  The refinement of the concept shall address the following items:

· Nozzle geometry and material, propellant formulation 

· Structural material concepts

· TVC architecture and capability

· Physical characteristics

· Transportation and logistics

· Assembly and operations 

· Test philosophy for stage and major subsystems

· Performance description (including thrust trace) to meet or exceed performance requirements.  

· Refinement of description of hazards and evaluation of critical hazard elimination with respect to the POD

· Description of the Contractor’s capabilities and facilities for design, test, manufacturing, and integration. 

· Top level schedule 

· Recurring and nonrecurring cost summary, including confidence. 
· Any additional trade studies and analyses the Contractor wants to propose
During the Option 2 period of performance the Contractor shall mature their concept to exceed the POD requirements in Table 8-2 and satisfy those in Table 8-3.  The concept shall address the following items:

· Nozzle geometry and material, propellant formulation 

· Structural material concepts

· TVC architecture and capability

· Physical characteristics

· Transportation and logistics

· Assembly and operations 

· Test philosophy for stage and major subsystems

· Performance description (including thrust trace) to meet or exceed performance requirements.  

· Preliminary hazard analysis assessment.
· Description of the Contractor’s capabilities and facilities for design, test, manufacturing, and integration. 

· Top level schedule 

· Recurring and nonrecurring cost summary, including confidence. 
· Any additional trade studies and analyses the Contractor wants to propose
[END OF ATTACHMENT]
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