Request for Information

Development of Compression Pads in support of the 
Orion Thermal Protection System Advanced Development Project
PLEASE NOTE: This is a request for information only and does not constitute a commitment, implied or otherwise, that NASA Ames will take procurement action in this matter.  Further, neither NASA Ames nor the Government will be responsible for any costs incurred in responding to this request.
NASA Ames is requesting responses to the draft requirements described below.  

URGENT NOTICE:  NASA has limited resources available immediately to perform solar testing of materials if optical transparency characterization is needed.  See the section labeled RFI Responses at the end of this notice for details. 

The NASA Thermal Protection Systems (TPS) Advanced Development Project (ADP) is issuing this Request for Information (RFI) to determine potential sources, vendor capabilities, and ROM (rough order of magnitude) cost/schedule estimates for the development of compression pads for the CEV Orion heat shield.  The heat shield will be capable of both Lunar and Low Earth Orbit (LEO) missions. Through testing and analysis, NASA intends to select a compression pad material and develop a design in support of Preliminary Design Review (PDR), anticipated to be in August, 2009.  A phased procurement is anticipated that will begin with selection of one or more materials for testing, followed by selection of one or more materials for manufacture of full scale compression pads.  The compression pads will be integrated with the heat shield architecture (either Avcoat or PICA) that will be selected for the Orion Crew Exploration Vehicle (CEV) in March, 2009.
NASA is interested in materials such as tape wrapped (laminate) carbon phenolic, chop molded carbon phenolic, 3-dimensional quartz phenolic, and 3-dimensional carbon phenolic.
Only materials which can satisfy the requirements listed below will be considered. If tape wrapped/laminate carbon phenolic or chop molded carbon phenolic are proposed,  those materials must be manufactured from Enka rayon-based MX4926N, since it has been human-rated by the Space Shuttle program for use in the solid rocket motor nozzles.

The draft functional requirements are as follows:  
A. Mechanical Loads (refer to Figure 2)
1. Ultimate mechanical load per compression pad, these loads are not requirements, but are provided for informational purposes.
a. Preload + Launch Load - Bolt Relaxation = Total Compressive Load

1. 108.6 kips + (1.4 * 88.7 kips) - (1.4 * 55.2 kips) = 155.5 kips

b. Shear = 1.4 * 3.3 kips = 4.6 kips 

c. Moment = 1.4 * 65 in-kip = 91 in-kips
d. Factors of safety

1. 1.4 is the load factor of safety 

2. 2.0 knockdown factor on material properties 
2. Positive margins against ascent loads and preload.  In general terms, the current compression pad has a 20.32 cm base cylindrical diameter.  The loading area is slightly lower than the area of the 20.32 cm circle due to the presence of the hole to accommodate the tension tie rod and the reduced diameter to accommodate the service module connection.  The properties listed below are the minimum required for the above load case and for the compression pad design to achieve positive margin of safety.  Any material system must satisfy the stated minimums.  For 3-dimensional materials it is understood that the in-plane and across-ply definitions do not strictly apply. 
a. Compression 
1. minimum ultimate compressive strength (before knockdown)
a. Across-ply direction 310 MPa (45,000 psi) @ 70°F
b. In-plane (wrap/fill) direction 241 MPa (35,000 psi) @ 70°F 

b. Shear
1. minimum ultimate shear strength (before knockdown)
a. Across-ply direction 24.1 MPa (3500 psi) @ 70°F

c. Tension
1. minimum ultimate across-ply tensile strength as a function of temperature (before knockdown)
a. If this isn’t achievable, state what is
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Table 1.   Across-ply tensile strength as a function of temperature
3. Positive margin with respect to thermally induced loads
a. Maximum thermal expansion coefficient at 1,000°F should be 3.0 x 10-5 in/in-°F.  If that isn’t achievable, state what is
B. Thermal Environment 
1. Nominal reentry environment, not a requirement, but provided for informational purposes.  A lunar skip return trajectory is shown in figure 1
a. 610 W/cm2 peak heat flux (margined, no augmentation)

b. Total heat load ~53 kJ/cm2 (margined, no augmentation)
2. Keep bondline temperature below specified limit
a. 550°F for PICA
1. maximum thermal conductivity of virgin material @ 70°F
a. across ply – 0.81 W/m-K (1.30x10-4 Btu/ft-s-R)
b. in-plane – 1.137 W/m-K (1.83x10-4 Btu/ft-s-R)

b. 600°F for Avcoat 
1. maximum thermal conductivity of virgin material @ 70°F

a. across ply – 0.81 W/m-K (1.30x10-4 Btu/ft-s-R)

b. in-plane – 1.137 W/m-K (1.83x10-4 Btu/ft-s-R)
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Figure 1.   Lunar return heat flux as a function of time
C. Manufacturability

1. Geometric constraints
a. experience base with thick parts, must be able to produce parts on the order of 7.62 cm or thicker in all proposed material forms
b. experience base with large parts, must be able to produce billets, and or parts 30.48 cm in diameter, or 30.48 cm  square

c. RFI responses should include specific examples and dimensions achieved.
2. Relevant experience with heat shield applications
a. Must have had some experience fabricating materials for use in heat shields within the last 10 years
3. Ability to meet customer processing and acceptance specification 
a. Minimize volatile content, desire < 1.0%
b. Provide recommendation as to whether a post cure would be required.
c. Cure pressures of 1000psi for shingle laminate, 3000-5000 psi and higher for chopped molded parts, best recommendation for 3D materials.  If these pressures can not be achieved, provide best recommended cure cycle pressure

d. Minimize moisture content.  State lowest achievable moisture content. 

4. Minimum Technology Readiness Level (TRL) of 6 as evidenced by arc jet test data, flight test data, and or hot fire rocket test.  Definition of TRL 6 – System/subsystem model or prototype demonstration in a relevant environment (ground or space).  At TRL 6, a representative model or prototype system or systems – which would go well beyond ad hoc, “patch-cord” or discrete component level breadboarding – would be tested in a relevant environment.  At this level, if the only “relevant environment” is the environment of space, then the model/prototype must be demonstrated in space.
5. NDE/NDI and acceptance testing required.  Vendors are to provide their own assessment and recommendations for NDE/NDI used during all phases of material processing.  Vendors must also provide acceptance testing as part of their response.  Acceptance criteria will evolve by NASA working with the vendor for each specific material system being proposed. 

a. NDE/NDI may include

1. X-ray

2. CT scan

3. Ultra sound scan

4. Alcohol wipe

b. Acceptance criteria may include

1. density distribution through the part

2. % volatiles

3. % moisture

Additional Draft Requirements:
A. Delivery of billets/samples for testing is desired as soon as possible, but no later than February 15, 2009.  When responding to the RFI, please state how much lead time is required to manufacture the billets/samples.
B. The proposed material should have an existing material property database available to allow the NASA team to perform design and analysis.  At a minimum, the material property data required below in table 1 (screening level) should be available and be provided as part of the RFI response.  Also, if load deflection curves are available for compression and tension, they should also be provided as part of the RFI response.  Also shown in Table 2 is the number of specimens to be tested at each listed temperature.  If the minimum set of data is not available, a plan must be included stating how and when such property data can be delivered.         
Table2.  Minimum required material property database and the number of coupons required
	Test
	-100°C
	RT
	300°C

	Tension, in plane (TN-IP)
	 
	3*
	 

	Tension, across ply (TN-A/P)
	3
	3*
	3

	Torsion (TOR)
	 
	3
	 

	Compression, in plane (CM-IP)
	3
	5*
	3

	Compression, across ply (CM-A/P)
	 
	5*
	 

	Creep
	 
	5
	 

	Comparative rod apparatus (thermal conductivity) CRA, in-plane 
	 
	2
	 

	Comparative rod apparatus (thermal conductivity) CRA, across-ply
	
	2
	

	Thermal expansion, in plane (TE-IP)
	 
	2
	 

	Thermal expansion, across ply (TE-A/P)
	 
	2
	 

	Specific heat (CP)
	 
	2
	 

	Density
	Every specimen

	TGA (in argon or N2)
	2 specimen 10°C/min


*Poisson’s ratio to be collected on these specimens
RT – room temperature
C. Manufacturing capability shall be demonstrated by successful arcjet testing of the proposed material and subsequent successful mechanical testing of full scale compression pads.  NASA will be responsible for the arcjet testing and the full scale compression pad mechanical testing.
The design goals listed below are intended to aid potential vendors in proposing a material system:

A. Mature processes

a. Do you have current manufacturing processes in place?  Or do you have to revive the process from recent experience?  Responses should include a history of making the material.
b. Relevant experience within the last 10 years in heat shield applications.  RFI responses should include examples where the proposed material was used in heat shield applications. 

B. Strong/comprehensive material property database 

a. Drive towards A-basis allowables

b. Material fully characterized

i. Includes mechanical & thermal material properties

C. Robust against pyroshock.  Any experience or rationale that could be brought to bear on pyroshock should be included in the RFI response.

a. Able to survive separation event between the command module (CM) and service module (SM) at a load TDB.
b. Minimize impact (ie shock transmission) on surrounding acreage heat shield

D. Compression pad thickness compatible with acreage heat shield ablator and carrier structure thickness.  The acreage ablator system will either be PICA, a low density, high ablation rate material with thicknesses that range between 6.096 cm – 7.112 cm near the compression pads, or Avcoat which is a mid density, moderate to low ablation rate material with thicknesses that range between 3.683 cm to 4.75 cm near the compression pads.
a. Initial cavity design does not complicate the design, or increase heating augmentation
i. Cavity with respect to the acreage heat shield must not exceed 1.27 cm upstream of the compression pad, and 2.286 cm downstream of the compression pad shown in figure 2.
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Figure 2. Compression pad and acreage heat shield cross section
b. Compression pad thickness does not overly impinge on carrier structure interface

E. Recession compatible with ablator 

a. Recession for the PICA system near the compression pads ranges between 1.905 cm – 2.54 cm.

b. Recession for the Avcoat system near the compression pads ranges between 0.508 cm – 1.016 cm.

c. No protrusion > 0.254 cm with respect to the acreage TPS at the second heat pulse in the lunar skip return trajectory.
d. RFI responses should include recession rates and the conditions at which they were obtained.

Cost estimates:  The Government is seeking ROM cost estimates and schedule information for material samples and manufacture of full scale compression pads.
Billet dimensions and parts list – anticipated requirements:
1. One (1) Billet, 20.32 cm x 20.32 cm x 7.62 cm – for material property testing
2.  One (1)  Billet 25.4 cm x 25.4 cm x 7.62 cm – used to fabricate 4 arcjet specimens –  OR Four (4) arc jet coupons (see attached drawings), depending on which is more effective in terms of cost and schedule
Favorable arc jet test results may result in procurement of the following:

3.  Five (5) Full scale compression pads  - for mechanical load test (see attached drawing)
RFI Responses:
Written responses are requested no later than 10:00 AM Pacific Time, November 12, 2008.  Interested firms are requested to submit a complete response documenting their capabilities, schedule/cost estimates, as well as any comments on the acquisition approach in writing to the Contracting Officer: Rachel.Khattab@nasa.gov.  Vendors may discuss more than one material, but in that case, the vendor should explain the relative advantages of one material over another.  Questions may be submitted in writing, via email, until 12:00 Noon PST, 11/10/08.   

To support the data requested by this RFI, NASA has resources available immediately to perform solar testing of quartz phenolic samples.  All vendors that anticipate a need for quartz optical transparency testing may deliver material samples for testing to NASA no later than 2:00 PM Pacific Standard Time on 11/5/08 and need to contact the Contracting Officer immediately for delivery information. The dimensions and quantities of these samples are stated in table 3:

Table 3 Test Coupon Description
Test Coupons needed for Shock Layer Radiation Transparency Testing

	Preferred
	
	
	

	
	
	
	
	

	
	Width
	length
	depth
	number of coupons

	
	38.1 +/- 0.0508 mm
	38.1 +/- 0.0508  mm
	10 +/- 0.5 mm
	3

	
	38.1 +/- 0.0508  mm
	38.1 +/- 0.0508  mm
	5 +/- 0.5  mm
	3

	
	38.1 +/- 0.0508  mm
	38.1 +/- 0.0508  mm
	2 +/- 0.5  mm
	3

	
	
	
	
	

	Acceptable
	
	
	

	
	
	
	
	

	
	Width
	length
	depth
	number of coupons

	
	26.924 +/- 0.508 mm
	  26.924 +/- 0.508 mm
	10 +/- 0.5  mm
	3

	
	26.924 +/- 0.508  mm
	 26.924 +/- 0.508 mm
	5 +/- 0.5  mm
	3

	
	 26.924 +/- 0.508 mm
	 26.924 +/- 0.508 mm
	2 +/- 0.5  mm
	3


NASA will not provide funding for the manufacture or shipment of these samples.  NASA reserves the right to determine whether such testing is warranted.  The urgency of this testing is due to a small window of availability at unique solar testing facilities.      

Carbon phenolic material will not be considered for solar testing, as the material is considered optically opaque.

The objectives of this RFI are: to provide industry with preliminary information regarding this potential acquisition, solicit information about potential sources and cost/schedule estimates, invite potential offerors to submit comments regarding the Government's acquisition approach, and to notify industry of the Government's intent to conduct one-on-one discussions and possibly make site visits to potential offerors.

In addition to the information requested above, describe the extent to which existing proven commercial technology can be leveraged to minimize technical and schedule risk. 

Procurement strategy: NASA is contemplating issuance of some or all of these requirements as commercial solicitations under the authority of FAR part 12, FAR part 13 and/or FAR 13.5, Test Program for Certain Commercial Items.  Indicate whether this solicitation type is appropriate.

Business size and Past Performance/ Capabilities:  Please include information about the vendor’s business size (i.e., large, small, small disadvantaged, woman-owned, veteran-owned, etc.), a description of previous similar work performed, a description of the vendor’s fabrication/manufacturing facilities, or any other information that would be pertinent to this acquisition.
Detailed requirements for the acquisition have not been finalized, nor have the specifics for the acquisition strategy been determined.  NASA intends to use the results of this market research to aid in the making of  acquisition strategy decisions.  

This preliminary information is being made available for planning purposes only, subject to FAR Clause 52.215-3, entitled “Request for Information or Solicitation for Planning Purposes.”  It does not constitute a Request for Proposal, and it is not to be construed as a commitment by the Government to enter into a contract, nor will the Government pay for the information or material samples submitted in response to this request.  This procurement is subject to review or cancellation at any time.  This notice and any attachments posted, constitutes all information concerning the compression pad procurement that will be furnished at this time.  

All information received in response to this RFI that is marked “Proprietary” will be handled and protected accordingly.  NASA will share such proprietary information with its support service contractors who are under an obligation to keep third-party proprietary information in confidence.  By submitting a response to this RFI, the responder is deemed to have consented to release of proprietary information to such NASA support service contractors.
It is the responsibility of potential offerors to monitor the Internet site for the release of any future information about this acquisition.  Potential offerors will be responsible for downloading their own copy of any future documents.  Information will be posted on a World-Wide Web (WWW) server, which may be accessed using a WWW browser application.  

The Internet site, or URL, for the NASA/ARC Business Opportunities page is http://prod.nais.nasa.gov/cgi-bin/eps/bizops.cgi?gr=D&pin=21 
Any referenced numbered notes may be viewed at the following URLs linked below. An ombudsman has been appointed -- See NASA Specific Note "B". 
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Compressive Evaluations

		Compression Evaluations of MX4926N MT (All Lots)

				Warp												Fill												Across-Ply

				Temp (oF)		Elastic
Modulus (Msi)		Ultimate
Stress, F (psi)		n1-2		n1-3				Temp
(oF)		Elastic
Modulus (Msi)		Ultimate
Stress, F (psi)		n2-1		n2-3				Temp
(oF)		Elastic
Modulus (Msi)		Ultimate
Stress, F (psi)		n3-1		n3-2

																																								Density
(g/cm3)		Density
(lbm/in3)

		1.4785		20		2.94		55742		0.23		0.3		1.4786		20		2.92		48673		0.22		0.31		1.4802		20		2.38		88883		0.25		0.26

		1.4779		70		2.68		53197		0.22		0.28		1.4785		70		2.76		48098		0.22		0.31		1.4795		70		2.23		83930		0.26		0.26				1.4786333333		1.382E-04

				350		2.38		32975		0.19		0.35				350		2.33		27353		0.22		0.41				250		1.98		75149		0.24		0.26

				500		1.16		17882								500		0.93		13260								350		1.52		65883		0.26		0.23

				750		1.16		10447								750		1.02		9648								500		0.79		55239

				1200		1.14		2583								1200		1.03		2019								750		0.69		54059

				2000		1.41		6926								2000		1.11		5225								900		0.52		44403

				3000		1.19		6858								3000		0.98		6017								1200		0.44		23278

				4500		0.365		5263								4500		0.48		5056								2000		0.4		14960

																												3000		0.29		15506

																												4500		0.08		25907

				Warp												Fill												Across-Ply

				-200		2.94		55742								-200		2.92		48673								-200		2.38		88883

				20		0.00		0								20		0.00		0								20		0.00		0

				70		0.00		0								70		0.00		0								70		0.00		0

				100		0.00		0								100		0.00		0								100		0.00		0

				200		0.00		0								200		0.00		0								200		0.00		0

				300		0.00		0								300		0.00		0								300		0.00		0

				400		0.00		0								400		0.00		0								400		0.00		0

				500		0.00		0								500		0.00		0								500		0.00		0

				600		0.00		0								600		0.00		0								600		0.00		0

				700		0.00		0								700		0.00		0								700		0.00		0

				800		0.00		0								800		0.00		0								800		0.00		0

				900		0.00		0								900		0.00		0								900		0.00		0

				1000		0.00		0								1000		0.00		0								1000		0.00		0

				1100		0.00		0								1100		0.00		0								1100		0.00		0

				1200		0.00		0								1200		0.00		0								1200		0.00		0

				1300		0.00		0								1300		0.00		0								1300		0.00		0

				1400		0.00		0								1400		0.00		0								1400		0.00		0

				1500		0.00		0								1500		0.00		0								1500		0.00		0

				1600		0.00		0								1600		0.00		0								1600		0.00		0

				1700		0.00		0								1700		0.00		0								1700		0.00		0

				1800		0.00		0								1800		0.00		0								1800		0.00		0

				1900		0.00		0								1900		0.00		0								1900		0.00		0

				2000		0.00		0								2000		0.00		0								2000		0.00		0

				2500		0.00		0								2500		0.00		0								2500		0.00		0

				3000		0.00		0								3000		0.00		0								3000		0.00		0

				3500		0.00		0								3500		0.00		0								3500		0.00		0

				4000		0.00		0								4000		0.00		0								4000		0.00		0

				4500		0.37		5263								4500		0.48		5056								4500		0.08		25907

				6500		0.37		5263								6500		0.48		5056								6500		0.08		25907

				Inplane Average																								TTT Average

				Temp (oF)		E (psi)		F (psi)		nIP-IP		nIP-TTT		GIP-IP		GIP-TTT												Temp (oF)		E (psi)		F (psi)		nTTT-IP		GTTT-IP

				-200		2,930,000		52,208		0.22		0.33		1,204,110		1,104,271												-200		2,380,000		88,883		0.25		950,100

				20		0		0						0		0												20		0		0				0

				70		0		0						0		0												70		0		0				0

				100		0		0						0		0												100		0		0				0

				200		0		0						0		0												200		0		0				0

				300		0		0						0		0												300		0		0				0

				400		0		0						0		0												400		0		0				0

				500		0		0						0		0												500		0		0				0

				600		0		0						0		0												600		0		0				0

				700		0		0						0		0												700		0		0				0

				800		0		0						0		0												800		0		0				0

				900		0		0						0		0												900		0		0				0

				1000		0		0						0		0												1000		0		0				0

				1100		0		0						0		0												1100		0		0				0

				1200		0		0						0		0												1200		0		0				0

				1300		0		0						0		0												1300		0		0				0

				1400		0		0						0		0												1400		0		0				0

				1500		0		0						0		0												1500		0		0				0

				1600		0		0						0		0												1600		0		0				0

				1700		0		0						0		0												1700		0		0				0

				1800		0		0						0		0												1800		0		0				0

				1900		0		0						0		0												1900		0		0				0

				2000		0		0						0		0												2000		0		0				0

				2500		0		0						0		0												2500		0		0				0

				3000		0		0						0		0												3000		0		0				0

				3500		0		0						0		0												3500		0		0				0

				4000		0		0						0		0												4000		0		0				0

				4500		422,500		5,160						173,630		159,234												4500		80,000		25,907				31,936

				6500		422,500		5,160						173,630		159,234												6500		80,000		25,907				31,936





PAD_E1_2

		-200		2930000

		20		2930000

		70		2720000

		100		2680892.85714286

		200		2550535.71428571

		300		2420178.57142857

		400		1918333.33333333

		500		1045000

		600		1063000

		700		1081000

		800		1089444.44444444

		900		1088333.33333333

		1000		1087222.22222222

		1100		1086111.11111111

		1200		1085000

		1300		1106875

		1400		1128750

		1500		1150625

		1600		1172500

		1700		1194375

		1800		1216250

		1900		1238125

		2000		1260000

		2500		1172500

		3000		1085000

		3500		864166.666666667

		4000		643333.333333333

		4500		422500

		6500		422500





PAD_E3

		-200		2380000

		20		2380000

		70		2230000

		100		2188333.33333333

		200		2049444.44444444

		300		1750000

		400		1276666.66666667

		500		790000

		600		750000

		700		710000

		800		633333.333333333

		900		520000

		1000		493333.333333333

		1100		466666.666666667

		1200		440000

		1300		435000

		1400		430000

		1500		425000

		1600		420000

		1700		415000

		1800		410000

		1900		405000

		2000		400000

		2500		345000

		3000		290000

		3500		220000

		4000		150000

		4500		80000

		6500		80000





PAD_G12

		-200		1204109.5890411

		20		1204109.5890411

		70		1117808.21917808

		100		1101736.79060665

		200		1048165.36203522

		300		994593.933463796

		400		788356.164383562

		500		429452.05479452

		600		436849.315068493

		700		444246.575342466

		800		447716.894977169

		900		447260.273972603

		1000		446803.652968036

		1100		446347.03196347

		1200		445890.410958904

		1300		454880.136986301

		1400		463869.863013699

		1500		472859.589041096

		1600		481849.315068493

		1700		490839.04109589

		1800		499828.767123288

		1900		508818.493150685

		2000		517808.219178082

		2500		481849.315068493

		3000		445890.410958904

		3500		355136.98630137

		4000		264383.561643836

		4500		173630.136986301

		6500		173630.136986301





PAD_G23

		-200		1104271.35678392

		20		1104271.35678392

		70		1025125.6281407

		100		1010386.75520459

		200		961257.178750897

		300		912127.6022972

		400		722989.949748744

		500		393844.221105528

		600		400628.140703518

		700		407412.060301508

		800		410594.639865997

		900		410175.879396985

		1000		409757.118927973

		1100		409338.358458962

		1200		408919.59798995

		1300		417163.944723618

		1400		425408.291457287

		1500		433652.638190955

		1600		441896.984924623

		1700		450141.331658291

		1800		458385.67839196

		1900		466630.025125628

		2000		474874.371859296

		2500		441896.984924623

		3000		408919.59798995

		3500		325690.954773869

		4000		242462.311557789

		4500		159233.668341709

		6500		159233.668341709





PAD_G31

		-200		950099.800399202

		20		950099.800399202

		70		890219.560878244

		100		873586.161011311

		200		818141.494788202

		300		698602.794411178

		400		509647.371922821

		500		315369.261477046

		600		299401.19760479

		700		283433.133732535

		800		252827.677977379

		900		207584.830339321

		1000		196939.454424484

		1100		186294.078509647

		1200		175648.70259481

		1300		173652.694610778

		1400		171656.686626747

		1500		169660.678642715

		1600		167664.670658683

		1700		165668.662674651

		1800		163672.654690619

		1900		161676.646706587

		2000		159680.638722555

		2500		137724.550898204

		3000		115768.463073852

		3500		87824.3512974052

		4000		59880.2395209581

		4500		31936.127744511

		6500		31936.127744511





Tensile Evaluations

		Tensile Evaluations of MX4926N MT (All Lots)

				Warp												Fill												Across-Ply																Across-Ply

				Temp (oF)		Elastic
Modulus (Msi)		Ultimate
Stress, F (psi)		n1-2		n1-3				Temp
(oF)		Elastic
Modulus (Msi)		Ultimate
Stress, F (psi)		n2-1		n2-3				Temp
(oF)		Elastic
Modulus (Msi)		Ultimate
Stress, F (psi)		n3-1		n3-2								Temp
(oF)		Ultimate
Stress, F (psi)

														DENSITY												DENSITY												DENSITY

				20		2.62		19426		0.21		0.31		1.4754		20		2.52		17925		0.22		0.33		1.4764		20		2.04		3636		0.24		0.24		1.4792						20		3636

				70		2.51		18377		0.22		0.29		1.4753		70		2.52		17948		0.2		0.31		1.4763		70		1.92		4345		0.26		0.26		1.4787						70		4345

				350		1.99		16359		0.18		0.32		1.4756		350		1.83		15542		0.18				1.4757		250		1.6		3370		0.25		0.25		1.4782						250		3370

				750		1.21		12060						1.4761		750		1.05		10356						1.4755		350		1.25		2762		0.21		0.22		1.4791						350		2762

				900		1.1		9963						1.4751		900		0.95		8994						1.4756		500		0.48		970						1.4781						500		970

				1200		0.89		7246						1.4747		1200		0.69		5876						1.4753		750		0.11		493						1.4778						750		493

				2000		1.14		4724						1.4754		2000		1		4350						1.4752		900		0.08		284						1.4773						900		284

				2500		1.21		3838						1.4757		2500		1.05		3452						1.4757		1200		0.08		128						1.478						1200		128

				3000		0.77		3631						1.4773		3000		0.75		3278						1.4761		2000		0.14		437						1.4787						2000		437

				3500		0.85		3626						1.4758		3500		0.5		3603						1.4754		3000		0.11		459						1.4787						3000		459

				4500		0.59		3930						1.4728		4500		0.3		4433						1.4753		4500		0.04		489						1.4793						4500		489

				Warp												Fill												Across-Ply

				-200		2.62		19426								-200		2.52		17925								-200		2.04		3636

				20		0.00		0								20		0.00		0								20		0.00		0

				70		0.00		0								70		0.00		0								70		0.00		0

				100		0.00		0								100		0.00		0								100		0.00		0

				200		0.00		0								200		0.00		0								200		0.00		0

				300		0.00		0								300		0.00		0								300		0.00		0

				400		0.00		0								400		0.00		0								400		0.00		0

				500		0.00		0								500		0.00		0								500		0.00		0

				600		0.00		0								600		0.00		0								600		0.00		0

				700		0.00		0								700		0.00		0								700		0.00		0

				800		0.00		0								800		0.00		0								800		0.00		0

				900		0.00		0								900		0.00		0								900		0.00		0

				1000		0.00		0								1000		0.00		0								1000		0.00		0

				1100		0.00		0								1100		0.00		0								1100		0.00		0

				1200		0.00		0								1200		0.00		0								1200		0.00		0

				1300		0.00		0								1300		0.00		0								1300		0.00		0

				1400		0.00		0								1400		0.00		0								1400		0.00		0

				1500		0.00		0								1500		0.00		0								1500		0.00		0

				1600		0.00		0								1600		0.00		0								1600		0.00		0

				1700		0.00		0								1700		0.00		0								1700		0.00		0

				1800		0.00		0								1800		0.00		0								1800		0.00		0

				1900		0.00		0								1900		0.00		0								1900		0.00		0

				2000		0.00		0								2000		0.00		0								2000		0.00		0

				2500		0.00		0								2500		0.00		0								2500		0.00		0

				3000		0.00		0								3000		0.00		0								3000		0.00		0

				3500		0.00		0								3500		0.00		0								3500		0.00		0

				4000		0.00		0								4000		0.00		0								4000		0.00		0

				4500		0.59		3930								4500		0.30		4433								4500		0.04		489

				6500		0.59		3930								6500		0.30		4433								6500		0.04		489

				Inplane Average																								TTT Average

				Temp (oF)		E (psi)		F (psi)		nIP-IP		nIP-TTT		GIP-IP		GIP-TTT												Temp (oF)		E (psi)		F (psi)		nTTT-IP		GTTT-IP

				-200		2,570,000		18,676		0.20		0.31		1,069,348		979,421												-200		2,040,000		3,636		0.24		821,752

				20		0		0						0		0												20		0		0				0

				70		0		0						0		0												70		0		0				0

				100		0		0						0		0												100		0		0				0

				200		0		0						0		0												200		0		0				0

				300		0		0						0		0												300		0		0				0

				400		0		0						0		0												400		0		0				0

				500		0		0						0		0												500		0		0				0

				600		0		0						0		0												600		0		0				0

				700		0		0						0		0												700		0		0				0

				800		0		0						0		0												800		0		0				0

				900		0		0						0		0												900		0		0				0

				1000		0		0						0		0												1000		0		0				0

				1100		0		0						0		0												1100		0		0				0

				1200		0		0						0		0												1200		0		0				0

				1300		0		0						0		0												1300		0		0				0

				1400		0		0						0		0												1400		0		0				0

				1500		0		0						0		0												1500		0		0				0

				1600		0		0						0		0												1600		0		0				0

				1700		0		0						0		0												1700		0		0				0

				1800		0		0						0		0												1800		0		0				0

				1900		0		0						0		0												1900		0		0				0

				2000		0		0						0		0												2000		0		0				0

				2500		0		0						0		0												2500		0		0				0

				3000		0		0						0		0												3000		0		0				0

				3500		0		0						0		0												3500		0		0				0

				4000		0		0						0		0												4000		0		0				0

				4500		445,000		4,182						185,160		169,588												4500		40,000		489				16,113

				6500		445,000		4,182						185,160		169,588												6500		40,000		489				16,113






