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1.0 Introduction

1.1 General Information

This Request for Quotations (RFQ) is for the development of Enka rayon-based (MX4926N) laminated carbon phenolic compression pads in support of the Orion (Crew Exploration Vehicle – CEV) Thermal Protection System (TPS) Advanced Development Project (ADP).  NARC rayon based (MX4926 HRFP) laminated carbon phenolic will also be considered if it can meet the schedule constraints.  The TPS ADP was established to address risks associated with the development of TPS for the CEV capable of Low Earth Orbit (LEO) and Lunar Direct Return (LDR) missions.  TPS advanced development is being conducted to reduce or mitigate these risks.  The CEV is a critical component in the Vision for Space Exploration (VSE), and will serve as the primary manned space vehicle to the International Space Station as well as to the moon.  The CEV will also support the architecture employed for missions to Mars.  The TPS heat shield provides essential thermal protection during CEV return to Earth.  The heat shield compressions pads serve as a load path between the Service Module (SM) and Command Module (CM) of the CEV.  The compression pads, being an integral part of the heat shield must also provide thermal protection during entry into the Earth’s atmosphere for both LEO and LDR missions. 

Coupon samples representative of compression pad material will be used by NASA to evaluate physical, structural, environmental and thermal properties and performance.  All laminated carbon phenolic coupons, billets, and full scale compression pads must be manufactured from Enka rayon-based MX4926N, or NARC rayon-based MX4926 HRFP, since they have been human-rated by the Space Shuttle program for use in the solid rocket motor nozzles. See the attached Hardware Requirements List (HRL) for quantities and specifications.  The compression pads will be integrated with the CEV heat shield architecture.   At present, the CEV TPS ADP is studying two material architectures for the Orion heat shield, PICA, the ablative material that protected the Stardust heatshield and Avcoat, the ablative material that was used by Apollo.  Either Avcoat or PICA will be selected as the final material for the heat shield architecture in March 2009, and the compression pad design needs to be compatible with the selected architecture.
NASA intends to transfer responsibility for detailed design, development and testing of the compression pads to the CEV Prime Contractor (Lockheed Martin) at the end of this contract and currently the CEV TPS ADP is working closely with the Prime on the heat shield design.  Because of the importance of the CEV prime contractor’s current and future responsibilities, extensive interaction with the CEV Prime will be required during the performance of this contract.  The contractor will be required to share technical proposal data including material property data, arcjet and structural test data, as well as technical data delivered under the contract, with the CEV Prime Contractor (Lockheed Martin).
CEV development is managed by the CEV Project Office at the NASA Johnson Space Center in Houston, Texas.  The TPS ADP directly supports the CEV Project Office.

1.2 Scope and Objectives

This Statement of Work (SOW) defines the requirements of this contract.

The objective of the laminated carbon phenolic (LCP) compression pad development effort for CEV is the selection of a single preliminary compression pad design by the time of the CEV Preliminary Design Review (PDR).  Laminated carbon phenolic is one of the materials that will be considered for that selection. Deliverables for this procurement will consist of TPS material arc jet coupons, coupons for physical and material property evaluation and full-scale compression pads for mechanical evaluation.  Materials selected for the compression pad contract award must be at a Technology Readiness Level of 6 or higher.  In order to perform design in parallel to the testing effort, material properties of the vendor proposed laminated carbon phenolic are required.  

1.3 Deliverables

At the completion of this contract, the Contractor shall have provided all required deliverables.   All test coupons must be manufactured from Enka rayon-based (MX4926N), or NARC rayon-based (MX4926 HRFP), since they have been human-rated by the Space Shuttle program (albeit, for use in the solid rocket motor nozzles).  NARC based materials will only be considered if the schedule constraints can still be met.  A description of hardware deliverables is provided in the Hardware Requirements List (HRL) (see Attachment B).  Preparation, content, and format requirements for data deliverables are provided in the Data Requirements List (DRL) and individual Data Requirement (DR) sheets (see Attachment C).  Applicable DRs from the DRL are referenced in the SOW within each section of the associated task.

Note that this SOW specifies what the contractor shall deliver.  It also describes work that NASA intends to perform, as well as information and data that NASA intends to provide the contractor.
1.4 Compresion pad Test and Analysis Approach
NASA plans to conduct extensive test and evaluation of delivered materials to assess and gather data on material performance and suitability for the CEV heat shield compression pads.  These tests and evaluation will also validate the results of Contractor-provided material properties data.  Material samples and test coupons submitted by the Contractor will be tested by NASA at NASA-designated facilities, or in the case of material properties validation, they may be tested by an external third party.  Detailed description of NASA’s plans and approaches are provided in the HRL.

Since NASA will perform all activities associated with the materials testing, participation by the Contractor during this phase of the contract is not required.  However, limited opportunities for participation in test planning and execution may be permitted.  NASA will provide the Contractor with test plans for review and comments, to the extent practical.

2.0 Applicable Documents

All applicable documents which form a part of this contract are listed herein, as well as in the Hardware Requirements List (HRL) and Data Requirements List (DRL) for the CEV Compression Pad Development.  The applicable version shall be the current version at the time of contract award.  In the event of a conflict between applicable documents and the contents of this SOW, the SOW shall take precedence.

Applicable NASA, ARC, CEV and TPS ADP documents will be made available to the Contractor as necessary.   

3.0 Task Requirements

3.1 Management and Controls

3.1.1 General

NASA’s Contracting Officer Technical Representative (COTR) will serve as the primary point of contact between NASA and the Contractor for all technical and programmatic issues related to this SOW.  The NASA Contracting Officer (CO) will serve as the primary contact for all contractual issues.

a)
The Contractor shall manage all resources, schedule, engineering design and development, procurement, quality control, and documentation control to deliver the required items.

b)
The Contractor shall designate a single individual who shall serve as the point of contact with the COTR for all technical and programmatic aspects of the contract.

c)
The Contractor shall designate a single individual who shall serve as the point of contact with the CO for all contractual aspects of the contract.

3.1.2 Planning and Coordination

a)
The Contractor shall participate in technical interchange meetings or other meetings to discuss technical or programmatic issues as requested by COTR.

3.1.3 Project Reviews, Audits and Site Visits

a)
The Contractor shall support and participate in reviews, audits and site visits as requested by the Government.

b)
The Contractor shall provide NASA (including Government and non-Government personnel designated by NASA) access to developmental facilities, including subcontractor’s facilities, for in-process inspections, audits, meetings and reviews.

3.1.4 Status and Reporting

a)
The Contractor shall provide monthly status reports to the TPS ADP to report on schedule, manpower, costs, risks, technical progress and issues.  Email communication to the COTR is acceptable to meet this reporting requirement.  
b)  In addition to documentation specifically called out elsewhere in this contract, the Contractor shall provide a copy of any document or data generated in the performance of this contract for NASA review when requested by the COTR.  For documents or data that are business or competition sensitive, the documents or data shall be made available for review at the Contractor’s facility.

3.1.5 NASA Integrated Collaborative Environment (ICE)
The NASA Integrated Collaborative Environment (ICE) will be the primary means of sharing, reporting, collecting, recording, and accessing project information between NASA, the TPS Contractor, subcontractors and authorized personnel connected with the TPS ADP.
a)
The Contractor shall use ICE for delivery of data as required in the DRL.

b) NASA will provide Contractor access to the ICE collaborative environment within 30 days after contract award.

3.2 Technical Requirements

3.2.1 Compression Pad Design and Engineering

Design and development of the CEV compression pads shall include the supporting engineering activities specified herein:

3.2.1.1 Arc Jet Coupon Design

NASA will provide the Contractor engineering drawings, specifications and CAD models for the coupon sample to be fabricated.  Final engineering drawings will be posted with this RFQ.  
3.2.1.2 Full Scale Compression Pad Design

NASA will provide the Contractor engineering drawings, specifications and CAD models for the full scale compression pad design to be fabricated.  Final engineering drawings will be posted with this RFQ.  

3.2.1.3 Compression Pad Material Response Model

NASA will develop independent physics and chemistry theory based thermal/ablation models for the MX4926 material system selected for award, and will provide initial material response data, software executable codes, computing resources and input decks to the Contractor if requested and as practical.

3.2.1.4 Compression Pad Material Properties and Specifications

The Contractor shall establish and document material constituents, properties and characteristics for their MX4926 material.  NASA will perform material properties testing either internally or via a neutral third party for determination of verification, validation and acceptance.

a) The Offeror shall provide a comprehensive MX4926 material property database for all of the constituent material with their proposal/quote.  The database shall be provided in spreadsheet format in addition to hard copy.  A complete description of the material used in property testing is to be provided with details of the layup configuration (tape-wrapped vs. shingle), rayon type, rayon fire temperature, final cure temperature, etc.   (DRL DR TPS-T-001)

b) If available, test data and test reports shall also be provided with the proposal/quote to facilitate evaluation and analysis of the data.  

3.2.2 Compression Pad Materials and Testing

NASA will test a number of coupon samples representative of the candidate compression pad ablative material to evaluate physical, structural, environmental and thermal properties and performance.  Data generated from testing will be used to derive or update material response models and to quantify compression pad failure modes and effects. Results from NASA-performed testing will be provided to the Contractor upon request.

a)
The Contractor shall provide TPS material samples and coupons for testing by the Government.  Coupon size, quantity, and configuration required for each test article is specified in the HRL, Section 4.0.

b)
The Contractor shall manufacture all compression pad material samples and coupons in accordance with the Compression Pad Material Processing and Acceptance Specification provided by NASA.  The Contractor may recommend alternate processes and specifications for NASA’s consideration and, if necessary, NASA will modify the Compression Pad Material Processing and Acceptance Specification.
(TPS-0095) 

c)
The Contractor shall not make any changes or deviations in material constitution, or manufacturing process after final issuance by NASA  of the Compression Pad Material Processing and Acceptance Specification. (TPS-0095)  

d)
The Contractor shall install NASA-provided thermocouples and install the thermocouple plugs into the coupon body in accordance with Appendix A of the HRL and ASTM E 377-96 Standard Practices for Internal Temperature Measurements in Low Conductivity Materials.  Contractor’s standard methods consistent with the HRL and ASTM E 377-96 may be used.  Proposed methodologies that deviate from these requirements shall be documented with rationale to demonstrate that results will be comparable to those obtained using the specified methods, reviewed and approved with NASA prior to manufacturing of the arcjet coupon.
3.2.3 Government Furnished Equipment

3.2.3.1 Instrumentation for Test Coupons
NASA will provide thermocouples for test coupon instrumentation as GFE to the Contractor.  Determination of thermocouple locations and types of uncertainty analysis in temperature measurements that the Contractor is required to perform shall be in accordance with the HRL, Appendix A.  The GFE thermocouples are anticipated to be bare wire butt-joint R and K type thermocouples.  The contractor is requested to provide any information they may have, in their proposal/quote, on the feasibility or not of using these types of thermocouples with their material.  
3.2.4   Government Furnished Information
3.2.4.1 Arc Jet Model Design
NASA will provide the Contractor engineering drawings, specifications and CAD models for the arc jet coupon and thermocouple plug to be fabricated.  Initial release of engineering drawings will coincide with the release of this RFQ.  Final engineering drawings will be delivered to the Contractor at contract award.  The Contractor, with NASA approval, may “red line” the NASA drawings to modify the coupon and or thermocouple plug design for manufacturability.
3.2.4.2 Full Scale Compression Pad

NASA will provide the Contractor an engineering drawing, specifications and CAD model for the full scale compression pad to be fabricated.  Initial release of engineering drawing will coincide with the release of this RFQ.  The final engineering drawing will be delivered to the Contractor at contract award.  The Contractor may not make modifications to this drawing.
3.2.4.3 Compression Pad Material Processing and Acceptance Specification

NASA will provide a draft material processing, and acceptance specification describing the material properties and process parameters that must be met in order to meet the NASA performance and mission assurance requirements.  The draft functional requirements for the compression pad will be included in this document.  The Contractor selected will review and modify this specification, in consultation with NASA, as required to produce laminated carbon phenolic hardware of the highest quality consistent with the Contractor’s selected process, or processes. (TPS-0095)  

3.2.4.4 Test Reports

NASA intends to provide the results of all the testing conducted by NASA on the Contractor’s MX4926 material to Lockheed Martin, the prime contractor..  This includes the material property validation testing, thermal performance testing (e.g. arc jet testing, radiative heating testing, combined heating pressure and shear testing), the structural performance testing (e.g. load and creep) and the environmental testing (e.g. thermal-vacuum).  If requested, appropriate test reports will be provided to the Contractor, when practical.
3.3 Safety, Reliability, Maintainability and Quality Assurance

3.3.1 General

a)
The Contractor shall develop and deliver hardware, software, documentation and equipment systems that are in full compliance with the Safety, Reliability, Maintainability and Quality Assurance (SRM&QA) requirements specified herein. (DRL DR TPS-S-001)
3.3.2 Quality Assurance

3.3.2.1 Quality Management System

A Quality Management System (QMS) ensures that NASA and Contractor’s internal requirements for safety, reliability, maintainability, functionality and workmanship and other statutory and regulatory requirements are identified and met.  Third party certification of the Contractor to the standard is not required.  The Government reserves the right to assess conformance both before and after contract award.

a)
The Contractor shall develop, document and implement a QMS program that complies with the requirements of AS 9100 Quality Management Systems, including application to software development in accordance with ISO 90003. 

b)
The Contractor shall flow down all applicable quality assurance requirements to all subcontractors.

c)
The Contractor shall verify that subcontractors are compliant with quality assurance requirements.  Reports of subcontractor’s compliance shall be made available for NASA review.

3.3.2.2 Occupational Safety

The Contractor shall conduct and document an Occupational Safety and Health Program that is in compliance with all applicable Federal, State, and local regulations.

a)
The Contractor shall provide mishap reporting on NASA Form 1627 in accordance with NPR 8621.1A NASA Procedural Requirements for Mishap Reporting, Investigating, and Recordkeeping.  (DRL DR TPS-S-002)

3.3.3 Process Assessment

Process assessment shall identify the design and process areas that could impact the quality of the delivered product such as voids or other manufacturing defects, raw material availability, concerns associated with subcontractors, etc. whose occurrence can cause system failure, hazardous occurrence or otherwise impact the quality of the products to be delivered.  The assessment shall be used in developing inspection and/or repair plans and identifying items requiring special handling, testing, or procurement controls.  The assessment shall be a continuous process and shall be updated as required throughout the life of the contract and is documented in the NASA Material Processing and Acceptance Specification.

The Contractor shall perform an assessment on the arc jet coupon, property test billet, and compression pad manufacturing processes and report on the results.  The Contractor shall provide an NDI/NDE and acceptance test report (DLR DR TPS-T-002) that includes the data associated with the tests and the test methodology.

a. The Contractor shall perform NDI/NDE to report manufacturing variability as well as to ensure the hardware has met the requirements on voids, ply adhesion and density variability on all fabricated parts in the form of
i. X-Ray

ii. CT-Scan

iii. Alcohol wipe

b. The Contractor shall perform acceptance testing in the form of:

i. Density, or specific gravity

ii. Residual volatiles

iii. Axial tensile strength and modulus

iv. Acoss-ply compression

v. Ply angle measurement

3.3.4 Materials and Process Controls

a)
The Contractor shall have a nonconformance reporting process that provides for the reporting, tracking and disposition, including corrective action, for all anomalies and discrepancies identified during the manufacturing and testing of all products.

b)
The Contractor shall provide copies of all nonconformance reports to NASA for review and approval.  (DRL DR TPS-S-003)

3.3.5 Materials Delivery Documentation

a)
The Contractor shall provide copies of all test and inspection records for all TPS materials delivered under this contract.  (DRL DR TPS-S-004)

b)
The Contractor shall provide Material Safety Data Sheets (MSDS) for all materials shipped to any NASA Center.  (DRL DR TPS-S-004)

c)
The Contractor shall provide copies of all repair logs for all materials shipped to any NASA Center.  (DRL DR TPS-S-004)

d)
The Contractor shall provide copies of all work history logs, process traveler and/or manufacturing procedures for all materials shipped to any NASA Center.  (DRL DR TPS-S-004)

e)
The Contractor shall provide a Certificate of Conformance for all materials shipped to any NASA Center.  (DRL DR TPS-S-004)

4.0 Project Milestones

The following is the current TPS ADP milestone schedule applicable to the CP development contract.  The dates indicated for significant milestones are approximate and shall only be used by the Contractor in the planning of activities and development of a detailed master schedule.

Table 4.1
TPS ADP CP Development Key Milestones

	Item
	Milestone
	Date

	1
	Contract Award
	01/05/2009

	2
	Delivery of material property data
	Not later than 01/05/2009

	3
	Delivery of material property test billets
	Not later than 03/31/2009

	4
	Delivery of arc jet coupons
	Not later than 03/31/2009

	5
	Delivery of full scale compression pads
	Not later than 03/31/2009

	6
	Delivery of creep test cylindrical billets
	Not later than 03/31/2009


5.0 Acronym List

ADP

Advanced Development Project

ARC

Ames Research Center

CEV

Crew Exploration Vehicle

CO

Contracting Officer

COTR

Contracting Officer Technical Representative

CP

Compression Pad

CS

Composite Structure

DR

Data Requirements

DRL

Data Requirements List
GFE

Government Furnished Equipment

HRL

Hardware Requirements List

ICE

Integrated Collaborative Environment

JSC

Johnson Space Center

LaRC

Langley Research Center 

LCP

Laminated Carbon Phenolic

LDR

Lunar Direct Return

LEO

Low Earth Orbit
MP

Metallic Plate

MS

Metallic Structure

MSDS

Material Safety Data Sheet

NASA

National Aeronautics and Space Administration

NDE

Non- Destructive Evaluation

NIST

National Institute of Standards and Technology
PDR

Preliminary Design Review

PHA

Preliminary Hazard Analysis

QMS

Quality Management System

SOW

Statement of Work

SRM&QA
Safety, Reliability, Maintainability and Quality Assurance 

TBD

To Be Determined

TIM

Technical Interchange Meeting

TPS

Thermal Protection System

V&V

Verification and Validation

VSE

Vision for Space Exploration

WBS

Work Breakdown Structure

PAGE  

