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Introduction

The Contractor shall deliver the following hardware deliverables as specified in the CEV Compression Pad Development Statement of Work (SOW).

	Item No.
	Item
	QTY
	Delivery Date

	1.0
	Test Articles and Coupons
	See Section 1.0
	Varies


1.0
Test Articles and Coupons

Coupon samples representative of laminated carbon phenolic compression pad material will be used by NASA to evaluate physical, structural, environmental and thermal properties and performance.  These contractor-supplied coupons, billets, and full scale compression pads will be used by NASA for a wide range of testing. All coupons, billets, and compression pads must be manufactured from Enka based rayon (MX4926N), or NARC based rayon (MX4926 HRPF), since they have been human-rated by the Space Shuttle program for use in the solid rocket motor nozzles.  Compression pad material coupons, billets, and compression pads for testing are grouped into three major categories:

1. Material properties validation

2. Thermal performance (arc jet stagnation)

3. Structural performance

Test articles, coupons, and billets required are summarized in Tables 4.1 through 4.3.  
Note The required residual volatile content for all carbon phenolic parts is <2.0%.  If a post cure is required to reduce volatile content to < 2.0%, then additional coupons, billets and compression pads are required in which no post cure has been performed.
Table 4.1
Material Properties Validation

	Item No.
	Purpose
	Billet Size cm
	Quantity
	Synopsis
	Delivery Date

	4.1.1
	Material Properties Validation
	20.32 x 20.32 x 7.62
	1
	Flat panel, 0°/90°, not bonded to structure, no instrumentation, post cured
	Not later than 3/31/2009

	4.1.2†
	Material Properties Validation
	20.32 x 20.32 x 7.62
	1
	Flat panel, 0°/90°, not bonded to structure, no instrumentation, no post cure
	Not later than 3/31/2009

	option
	Material Properties Validation
	20.32 x 20.32 x 7.62
	1
	Flat panel, 0°/90°, not bonded to structure, no instrumentation (baseline material, post cured if required)
	Not later than 3/31/2009


Table 4.2
Thermal Performance

	Item No.
	Purpose
	Coupon Size cm
	Quantity
	Synopsis
	Delivery Date

	4.2.1
	Thermal Response Modeling
	10.16 dia
	4
	Iso-Q shape, 20° ply angle, ±45° bias tape, 3 thermocouples along the side of the coupon, post cured
	Not later than  3/31/2009

	4.2.2
	Thermal Response Modeling
	1.27
	4
	Thermocouple plug, 20° ply angle, ±45° bias tape, 5 in-depth thermocouples (TCs) 
in each plug, post cured
	Not later than  3/31/2009

	4.2.3†
	Thermal Response Modeling
	10.16 dia
	2
	Iso-Q shape, 20° ply angle, ±45° bias tape, 3 thermocouples along the side of the coupon, no post cure
	Not later than  3/31/2009

	4.2.4†
	Thermal Response Modeling
	1.27
	2
	Thermocouple plug, 20° ply angle, ±45° bias tape, 5 in-depth thermocouples (TCs) 
in each plug, no post cure
	Not later than  3/31/2009


Table 4.3
Structural performance

	Item No.
	Purpose
	Full scale Compression pad/billet

 cm
	Quantity
	Synopsis
	Delivery Date

	4.3.1
	Thermo-Structural Characterization
	24.13 dia
	3
	Full scale compression pad, No instrumentation, 20° ply angle, ±45° bias tape, per drawing “PICA Compression Pad #4”, post cured
	Not later than  3/31/2009

	4.3.2
	Thermo-Structural Characterization
	10.16 dia
	2
	Flat faced cylindrical billet, No instrumentation, 20° ply angle, ±45° bias tape, post cure
	Not later than  3/31/2009

	4.3.3†
	Thermo-Structural Characterization
	24.13 dia
	3
	Full scale compression pad, No instrumentation, 20° ply angle, ±45° bias tape, per drawing “PICA Compression Pad #4”, no post cure
	Not later than  3/31/2009

	4.3.4†
	Thermo-Structural Characterization
	10.16 dia
	2
	Flat faced cylindrical billet, No instrumentation, 20° ply angle, ±45° bias tape, no post cure
	Not later than  3/31/2009

	option
	Thermo-Structural Characterization
	24.13 dia
	3
	Full scale compression pad, No instrumentation, 20° ply angle, ±45° bias tape, per drawing “PICA Compression Pad #4”, (baseline material, post cured if required)
	Not later than  3/31/2009


†These items are only required if a post cure is needed to reduce volatile content to < 2%

Appendix A

Test Article and Coupon Requirements

This appendix provides detailed coupon specifications and test description for each coupon sample items listed in the Hardware Requirements List (HRL) Section 4.0, Tables 4.1 through 4.3.  Also, specific guidance on thickness criteria as well as types of uncertainty analysis required are provided in this section. 
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Temperature Measurement Location Analysis

The following instrumentation requirements are applicable to all in-depth thermocouple (TC) instrumentation incorporated in any of the coupon descriptions within this document.

The contractor shall verify by use of X-ray non-destructive evaluation (NDE), the TC locations for instrumented arc jet samples.  The accuracy of the TC location measurements shall be better than, or at least as good as, standard x-ray methods providing uncertainty of less than or equal to +/- 0.002 inches, or +/- 0.050 mm to the center of the TC bead.

The use of x-ray for NDE of thermocouple bead locations has been documented in aerospace technical reports and an example will be provided for reference.  In general the x-ray method requires a quantified geometry (with measured uncertainties) that shall relate the x-ray source to thermocouple bead, instrumented sensor sample, sample support, and image/film plane.  It is necessary to measure the geometry of these parameters in order to correct for parallax error produced on the image/film plane from the angle because of the angle between the x-ray source reference and the thermocouple bead location.  Specifically, when using the x-ray method the contractor shall define the:  

· Distance from the x-ray source to the image/film plane;

· Distance from the plane of the thermocouples to the image/film plane;

· Angular relation of the thermocouple plane to the image/film plane;

· Angular displacement of the sensor surface from the vertical ray.

These measurements shall be provided with each required calculated thermocouple bead/weld location.  The contractor shall provide documentation detailing the uncertainty of each of the above measurements traceable to NIST. The contractor shall also provide original x-ray image/films used for final analysis of temperature location.

The contractor shall also verify for 5 samples of each TC type that the x-ray source does not alter the thermocouple material, changing the calibration factor.  This shall be verified by exposing thermocouples of the same type to the x-ray at the same intensity as will be used to determine the location of the arc jet in-situ thermocouples, followed by a post exposure calibration.  The post exposure calibration shall be compared to the pre-exposure calibration for verification.

Item 4.1
Material Properties Validation

Introduction:

Material properties are required for TPS design and analysis.  The contractors are required to provide a comprehensive set of material properties in the TPS Material Property Database (DR TPS-T-001).  This will include mechanical and thermal properties as functions of temperature, pressure and orientation, where relevant for a given property. 
If available, test data and test reports shall also be provided.

NASA will use the billet described herein as a verification of the contractor generated data provided in DR TPS-T-001.

Test Description and Setup:
The purpose of material property testing is to verify Contractor provided properties.
1. TPS Material billet Specifications:
1.1. Square Panels

1.1.1. Size:  20.32 x 20.32 cm (8 x 8-inch) square billet
1.1.2. Shape: Square block

1.1.3. Thickness: 7.62 cm (3-inch)
1.1.4. Ply angle:  0°/90°  i.e. across-ply direction is in the 7.62 cm (3-inch) direction 
1.1.5. Edges:  No edge closeouts

2. Instrumentation:
2.1. No instrumentation is required

3. Pre-Test Requirements:

3.1.  Details of NASA test procedures will be provided to the contractors at least 20 working days prior to commencement of the specified set of activities for review and comment.
3.2.  The Contractor shall perform NDE/NDI and Acceptance testing as outlined in section 3.3.3 Process Assessment in the form of x-ray, CT-scan, alcohol wipe, and dimensional inspection prior to billet shipment to NASA.  At a minimum the contractor shall perform and provide a data report of a) X-ray to determine the voids and inclusions b) CT Scan to determine the density variability, c) alcohol wipe to ensure no surface or in-depth cracks or ply separation and d) dimensional inspection to determine the overall density.  If analog x-ray is used, the films or high resolution scans of the films shall be provided to NASA; if digital x-ray is used, the raw data files and jpeg image files shall be provided.  For CT-scan, 100% coverage of the part is to be obtained with sufficient resolution to distinguish artifacts (voids, inclusions, density variations) down to 1 mm diameter.  Also for CT-scan, the raw data file and jpeg images are to be provided to NASA. (DR TPS-T-002) 
3.3.  Each test billet shall be accompanied by the specific material MSDS and traceability documentation (including unique test article identifier, material lot or batch ID, etc.) and certification of inspection and compliance with the appropriate manufacturer specifications.  

3.4.  Dimensional inspection of each coupon will be performed by NASA upon receipt.

3.5.  Material acceptance by NASA will be based on compliance with NASA-supplied drawings and specifications and the data reports described in section 3.2.
3.6.  The contractor shall provide adequate levels of documentation to ensure that appropriate QA procedures have been followed and that the billets are in conformance with the material specifications outlined in DR TPS-T-002.

3.7. The contractors shall provide the following minimum information in tabular format with delivery of their specimens.  

3.7.1. TPS material billet actual weight

3.7.2. TPS material billet actual dimensions

3.7.3. Documentation of any non-conformance or other out of the ordinary conditions.

3.7.4. Documentation that certifies that the Compression Pad Material Processing and Acceptance Specification has been satisfied. (DR TPS-T-002)
3.8. Photographs of the billets.

3.9.  Each billet shall be identified with a unique NASA ID number in addition to any internal numbering provided by the contractor.  The NASA ID numbering methodology will be provided at contract award. 

3.10. The contractor is responsible for the packaging and shipping of the billet to the NASA facilities

4. Test Description:

4.1. Material properties testing as a function of relevant parameters such as temperature, pressure and/or orientation.

5. Post Test Requirements: 

5.1.  Test results will be provided to the contractors approximately 20 working days after completion of testing.

Items 4.2
Thermal Response Coupon Requirements
Introduction:

An important aspect of assessing the viability of a TPS material candidate for CEV heat shield, is establishing a comprehensive understanding of the thermal response of the material subject to the complete range of its expected environments.  NASA intends to develop detailed thermal response models for all candidate compression pad TPS materials awarded under this procurement.  In order to provide the necessary data to substantiate these thermal response models a series of arc jet tests must be performed across a wide range of thermal conditions.

Test Description and Setup:
The primary objectives of these arc jet test series are to acquire high quality data including steady state ablation rates and in-depth temperature response of the Contractor’s material over a broad range of conditions.  For modeling purposes the objective is to minimize the multidimensional heating effects so that the in-depth temperature response is the result of one dimensional heating from the front surface of the arc jet coupon.  Also, because the goal is to quantify the variation in material performance vs. environmental conditions, the TPS material should not be uniquely tailored to give the best response for each arc jet condition.  

NASA will perform extensive testing of the contractors TPS material in both the NASA ARC and NASA JSC arc jet facilities.  The testing will be conducted over a broad range of conditions to provide the material response data including ablation rate, in-depth temperature response and other parameters required in order to develop thermal/ablation material response models.  This data will be utilized by both NASA and the contractor to develop material response models for the Contractor’s specific CP material.  

1. TPS Material Coupon Specifications: 

1.1. Size:  10.16 cm diameter (4.00 inch diameter)
1.1.1. 20° ply angle, ±45° bias tape 
1.1.2. See drawings  DWG-1250715, DWG-1250719-3, DWG-1250720-3, and DWG-1250721-3
1.2. Shape:  ISO-Q shaped front surface

1.2.1. The front face radius of curvature is equal to the model diameter.

1.2.2. The shoulder radius for each TPS coupon is 0.635 cm (0.25 inch).

1.2.3. Thickness: The overall height of the material coupon shall be 2.5 inches from the apex of the ISO-Q shaped front face to the position furthest back on the model
1.2.4. See drawings DWG-1250715, DWG-1250719-3, DWG-1250720-3, and DWG-1250721-3
1.3. Thermocouple Plug:

1.3.1. 2.54 cm diameter (1.0-inch diameter)

1.3.2. 20° ply angle, ±45° bias tape
1.4.  Edges:  If the contractor determines that the sides and back of the model need to be sealed the contractor may propose a sealing approach that details why the material needs to be sealed and what the sealant approach will be.  
1.5. The contractor may “red line” the drawing to modify the design to accommodate manufacturability.  The contractor may also modify the thermocouple plug design by making by making it 0.5-inch diameter, if issues arise with drilling the thermocouple wires holes in the 1-inch plug.    NASA will review and approve all modifications to the arc jet coupon design before implementation.  NASA will update the test article design and drawings after any such modification.
2. Instrumentation:

1.1. The contractors shall be responsible for the instrumentation of their arc jet coupons with in-depth thermocouples and the installation of the thermocouple plug according to NASA specified requirements provided in this document and the document C-TPSA-A-DOC-093.  Contractors may propose alternate approaches for instrumenting the thermocouple plugs with NASA approval.  Modifications to the NASA procedure must be documented in DR TPS-T-003.
1.2. NASA will provide the TCs for coupon instrumentation as GFE.

1.3. The TCs shall be provided to the contractor no later than 20 working days after contract award.

1.4. The contractor shall adhere to the following in-depth TC requirements:

1.4.1. These are the draft instrumentation requirements.  The final instrumentation requirements shall be provided at contract award.  

1.4.2. The baseline instrumentation is bare wire butt welded TCs

1.4.3. TC wire diameter:  0.010” 

1.4.4. Number of TCs per model:  8
1.4.5. The TC weld shall be located on the centerline of the model.

1.4.6. TC Locations:

1.4.6.1. TC depths shall be such as to provide temperature measurements in five temperature ranges at the point when the arc jet model is retracted from the stream. See drawings DWG-1250720-3 and DWG-1250721-3
1.4.6.2. TC depths along the side of the coupon are to provide measurements in three temperatures ranges and correspond to the depths of two of the in-depth TC’s.  See drawings DWG-1250719-3 and DWG-1250715
1.4.6.3. The contractor’s in-depth TC installation approach shall conform to ASTM E 377-96 “Standard Practice for Internal Temperature Measurements in Low-Conductivity Materials”, or document how it deviates from the standard.  The contractor shall inform NASA of the deviation and modify DR TPS-T-003 with their in-depth instrumentation approach. 

1.4.6.3.1. The contractors shall verify the location of the TCs in the TPS material coupon following the baseline requirements provided in Appendix A.  

1.4.6.3.2. The compromise TC depths should be such that to the best extent possible the temperature ranges outlined above are met for as many conditions as possible.

1.5. The TC lead wires shall be labeled in consecutive order starting with 1 for the TC nearest the top surface of the model.  The numbering for the side wall TC’s shall start with 6 for the TC nearest the surface.
2. Back Face Attachment:

2.1. None

3. Model Holder and Model Assembly:

3.1.  No model holders or assembly to a model holder are required. However, the contractor shall be responsible for assembly of the TC plug within the model. Care should be taken to align the plies of the TC plug with the plies of model.
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4. Coupon Design Responsibility:

4.1. The contractor shall be responsible for the fabrication of their arc jet coupons to the requirements specified by NASA.

5. Pre-Test Requirements:

5.1.  Details of NASA test procedures shall be provided to the contractors at least 20 working days prior to commencement of the specified set of activities for review and comment
5.2.  The Contractor shall perform NDE/NDI in the form of x-ray, CT-Scan, alcohol wipe, and dimensional inspection prior to billet shipment to NASA.  At a minimum the contractor shall perform and provide a data report of a) X-ray to determine the voids and inclusions b) CT Scan to determine the density variability, c) alcohol wipe to ensure no surface or in-depth cracks or ply separation and d) dimensional inspection to determine the overall density.  If analog x-ray is used, the films or high resolution scans of the films shall be provided to NASA; if digital x-ray is used, the raw data files and jpeg image files shall be provided.  For CT-scan, 100% coverage of the part is to be obtained with sufficient resolution to distinguish artifacts (voids, inclusions, density variations) down to 1 mm diameter.  Also for CT-scan, the raw data file and jpeg images are to be provided to NASA.  (DR TPS-T-002)  
5.3.  Each test coupon shall be accompanied by the traceability documentation (including unique test article identifier, material lot or batch ID, etc.) and certification of inspection and compliance with the appropriate manufacturer specifications.  

5.4.  Dimensional inspection of each coupon will be performed by NASA upon receipt.

5.5. Material acceptance by NASA will be based on compliance with NASA-supplied drawings and contractor-supplied specifications and the data reports described in section 5.2.

5.6. The Contractor shall provide adequate levels of documentation to ensure that appropriate QA procedures have been followed and that the coupons are in conformance with the material specifications outlined in TPS-0095.

5.7. The contractors shall provide the following minimum information in tabular format with delivery of their specimens to NASA.  

5.7.1. TPS material coupon actual weight, with in-depth instrumentation, but prior to integration with the model holder.

5.7.2. TPS material coupon actual dimensions

5.7.3. Model holder actual weight and dimensions

5.7.4. Assembled model actual weight

5.7.5. Documentation of any non-conformance or other out of the ordinary conditions.

5.7.6. Documentation that certifies that the TPS material specification, coupon instrumentation procedures, model assembly procedures and TC location verification procedures where followed.

5.7.7. Any mathematical models used to design, size and/or predict the test response of the coupon. Models may be hand calculations or computer files (e.g. spreadsheets, finite element models).

5.7.8. Photographs of the models prior to and after model assembly.

5.7.9. Documentation of TC locations for each model and results of NDE technique used to determine TC location, such as copies of x-rays images.

5.7.10. Each arc jet coupon shall be identified with a unique NASA ID number in addition to any internal numbering provided by the contractor.  The NASA ID numbering methodology will be provided at contract award.  

5.7.11. If possible the ID number should be marked upon the model holder in such a way as not to influence the arc jet testing.  In addition the ID number should show up on the model packaging.

5.8. The contractor is responsible for the packaging and shipping of the models to the NASA facilities

5.9. NASA will provide the shipping information at contract award.

6. Test Description:

6.1. Table1 provides a summary of the arc jet conditions to be tested, and the number of coupons at each condition the contractor shall provide.  The conditions outlined in the table are the best estimate at this time.  The actual conditions will not be available until facility calibration has commenced.  In addition the final number of coupons at each condition will be finalized at contract award.
6.2. Two coupons will be arc jet tested at each condition.  Number of coupons in table 1 does not include spares.

Table 1  Summary of arc jet conditions and number of coupons

	Condition
	Cold Wall Heat Flux (W/cm2)
	Stagnation Pressure (atm)
	Estimated Centerline Enthalpy (MJ/kg)
	# of Coupons

	1
	400
	0.35
	21
	2

	2
	750
	0.157
	28
	2


7. Post Test Requirements: 
7.2. Representative coupons and all of the arc jet data will be provided to the contractors approximately 20 working days after completion of a given test series.

Item 4.3
Full-Scale Thermal-Structural Characterization

Introduction: 

The heat shield on the CEV vehicle will be exposed to thermal-mechanical load cases throughout all CEV mission phases.  These load cases include purely mechanical loading, and thermo-structural loading. The objective of the thermal-structural testing is to characterize the failure modes and limit loads of the candidate compression pad material.

Test Description and Setup: 

NASA will perform mechanical load, creep and thermal cycle testing of the laminated carbon phenolic.  The full scale compression pads will be bonded to a steel substrate. Loading of the full scale pads will be performed using a simulated SM connection, and positioned such that the compression pad is placed under combined compression, shear, and moment loads.  The 10.16 cm (4 inch) diameter cylinders will be bolted between two steel plates without any bonding agent and subjected to the anticipated flight pre-load.  The cylindrical test article with the steel plate fixtures will be held under the pre-load and the strain over time will be measured.  After a predetermined amount of time and while still under preload, the test article and fixture assembly will be thermally cycled for TBD cycles ranging from -150 to 250°F. Strain measurements will be made during thermal cycling to measure preload relaxation.    
1. TPS Material Coupon Specifications:

1.1. Size:  
1.1.1. 9.5-inch maximum diameter, See drawing “PICA Compression Pad #4”
1.1.2. 4.0-inch diameter (no drawing required)
1.2. Thickness:  
1.2.1. Full scale compression pad: See drawing “PICA Compression Pad #4”
1.2.2. 4.0-inch dia coupon: 3-inch thick

1.3. 20° ply angle, ±45° bias tape, all parts
1.4. Edges:  No edge close-outs are required.
2. Instrumentation:

2.1. No instrumentation is required 

3. Back Face Attachment:

3.1. None
4. Compression Pad Design Responsibility: 
4.1. A preliminary design of the compression pad shall be provided to the Contractor with the release of the RFQ. 
5. Pre-Test Requirements:  

5.1. Details of NASA test procedures will be provided to the contractors at least 20 working days prior to commencement of the specified set of test activities for review and comment.
5.2. The Contractor shall perform NDE/NDI in the form of x-ray, CT-Scan, alcohol wipe, and dimensional inspection prior to billet shipment to NASA.  If analog x-ray is used, the films or high resolution scans of the films shall be provided to NASA. At a minimum the contractor shall perform and provide a data report of a) X-ray to determine the voids and inclusions b) CT Scan to determine the density variability, c) alcohol wipe to ensure no surface or in-depth cracks or ply separation and d) dimensional inspection to determine the overall density.  If digital x-ray is used, the raw data files and jpeg image files shall be provided.  For CT-scan, 100% coverage of the part is to be obtained with sufficient resolution to distinguish artifacts (voids, inclusions, density variations) down to 1 mm diameter.  Also for CT-scan, the raw data file and jpeg images are to be provided to NASA.    
5.3. The contractor shall provide adequate levels of documentation to ensure that appropriate QA procedures have been followed and that the full scale compression pad and 10.16 cm (4-inch) coupon are in conformance with the material specifications outlined in TPS-0095.

5.4. The contractors shall provide the following minimum information in a tabular format with delivery of their specimens.  

5.4.1. Documentation of any non-conformance or other out of the ordinary conditions.

5.4.2. Documentation that certifies that the TPS material specification and fabrication procedures were followed.

5.4.3. Any mathematical models used to design size and/or predict the test response of the coupon. Models may be hand calculations or computer files (e.g. spreadsheets, finite element models).

5.4.4. Photographs of the compression pads prior to shipment.
5.4.5. Each full scale compression pad and 10.16 cm (4-inch) coupon shall be identified with a unique NASA ID number in addition to any internal numbering provided by the contractor.  The NASA ID numbering methodology will be provided at contract award.

5.5. The contractor is responsible for the packaging and shipping of the full scale compression pad and 10.16 cm (4-inch diameter) coupon to the NASA facilities.  

5.6. NASA will provide the shipping information at contract award.  
5.7. Material acceptance by NASA will be based on compliance with NASA-supplied drawings, contractor-supplied specifications and the data reports described in section 5.2.
6. Test Description:

6.1. Load tesing under combined compression, shear, and moment expected during launch will be performed at room temperature.  The 10.16 cm (4-inch diameter, 3-inch thick) creep specimens will be loaded with the predicted pre-load and thermal cycled for TBD cycles ranging from -150 to 250°F. Strain measurements will be made during thermal cycling to measure preload relaxation. 
7. Post Test Requirements:
7.1.  All of the strain data collected will be provided to the contractors approximately 20 working days after completion of a given test series.

TC plug with plies aligned









