TO:

Aerospace Community 

FROM:
NASA Ames Research Center

SUBJECT:
Request for Information: CEV Backshell TPS Materials 

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 cost incurred in furnishing this information.
The National Aeronautics and Space Administration invites you to submit a response to this inquiry, to assist in planning for the development of a Thermal Protection System (TPS) for the Backshell portion of the Crew Exploration Vehicle (CEV) Command Module (CM).  This Request for Information is not directly related to either the TPS Phase I or TPS Phase II Request for Proposals for Lunar return capable heat shield (forebody) TPS, or a recent Request for Information for Low Earth Orbit return capable back-up heat shield TPS.  

The CEV program is actively pursuing design of a Backshell TPS that will be capable of return from International Space Station (ISS) missions to Low Earth Orbit (LEO) as well as returns from Lunar missions.  The motivation to identify and qualify a single suite of backshell TPS materials for both Lunar and LEO missions is to minimize the engineering and certification costs. There must be very high confidence that the TPS materials can be readily incorporated into a robust backshell design.

NASA Ames is seeking information regarding mature (TRL6+) TPS design solutions (including materials, fabrication methodology, and attachment approach) suitable for the backshell environments consistent with Lunar-direct return; anticipated to reach maximum heat flux levels from 10 to 100 W/cm2, as shown in Figures 1, 3 and 4, and total heat loads of up to 10 kJ/ cm2, as shown in Figure 2.

The CM may experience accelerations of up to 15 g during launch abort.  The launch vibroacoustic environment is anticipated to reach an Overall Sound Pressure Level (OASPL) of up to 155 dB.  A Launch Abort System (LAS) may be mounted above the CM, potentially exposing the CM backshell TPS to direct impingement of, or radiative heating from, the LAS motor plume.
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Figure 1:  Total peak heat flux distribution predicted for the CEV CM Backshell
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Figure 2:  Total peak heat load distribution predicted for the CEV CM Backshell

Figure 3:  Total heat flux as a function of surface pressure[image: image5.wmf]CEV Back Shell
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 for the Lunar ballistic trajectory at 3 points on the CM Backshell (as shown in Figure 2)

Figure 4:  Total heat flux as a function of surface pressure[image: image6.wmf] 
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 for the Lunar guided skipping trajectory at 3 points on the CM Backshell (as shown in Figure 2)

The CM and Service Module (SM) will remain mated while the CEV is docked to the ISS for a period of up to 6 months.  The SM is not currently planned to cover any portion of the CM backshell, so all TPS materials in this region should ideally be designed to tolerate direct exposure to space environments while on orbit (or during travel to and from the Moon), without compromising their ability to provide thermal protection for the CM on entry.  However, there may be some provision for shielding the backshell from these space environments.

The TPS design for the backshell must be conducive to incorporation of several types of penetrations and interface features similar to those found on the Apollo CM:

· The apex region will need to accommodate the Docking System

· Penetrations for RCS, umbilical connections, servicing panels, windows, side hatch, passive vents, and structural attachment of the LAS tower

· Localized transparency to antenna communications

The Command Module will consist of a capsule with a symmetric conic-section backshell that has a maximum diameter of 198 inches.  The structure supporting the backshell may be metallic or composite and should be assumed to have a maximum allowable temperature of at least 350°F.  The current architecture calls for the majority of the backshell to be re-used for up to 10 missions (except in the case of aborts); a small (single-use) portion of the apex area may be jettisoned prior to landing to permit deployment of the parachute system.  However, the trade space remains open to thermal protection systems that require refurbishment or replacement after flight, depending on overall life cycle costs.
Nominal landing operations will potentially include exposure to dust, wind, rain and other natural environments consistent with landing in an area similar to a dry lakebed.  The TPS shall also be tolerant of ground handling and recovery processes required for returning the CEV CM to the launch location.  In addition to potential exposure to plume from the LAS system, the backshell TPS will be exposed to the ablation products from the heatshield during entry; the composition of the heat shield materials and ablation products is unknown at this time.  

NASA is currently considering Shuttle-type fibrous ceramic tiles and blankets to be a design reference material suite for the CEV backshell.  The robustness of these materials has been characterized extensively in support of the Shuttle Program, albeit at Shuttle flight environments (up to maximum heat-flux of 50 W/cm2).  This RFI solicits information regarding TPS solutions that have demonstrable advantages in performance, safety, durability and/or operability over the stated reference system.

The specific objective of this RFI is to request information identifying and describing potential backshell materials and basic designs.  Comments/responses are requested to any or all of the following topics:

1. System Description 
Describe the candidate backshell TPS, including thermal protection materials, surface coatings, bonding agents or adhesives, hot structures, strain isolation pads, gap fillers, mechanical attachments or fasteners, insulating layers, surface encapsulation or any other substance or mechanism between the outer mold line and the carrier structure. Describe any interfaces, joints, seams, gaps, close-outs or instrumentation that may be present in the candidate TPS. Present the geometric layout of all backshell TPS components. For each component, any relevant material properties, such as outlined in the “Template for Appendix A” may be included as Appendix A. Cite the basis for all material property values. Where available, provide details of the complete ground test and flight heritage for the system and individual components as Appendix B, particularly at conditions ranging from 10 W/cm2 to 100 W/cm2. If possible, include test article configuration, instrumentation, as well as pressure and enthalpy test conditions for each cited heating rate.

2. Development Process 
Provide rationale for the suggested system concept. Explain the basis for suggesting the system as an alternative to the reference system under consideration and offer an assessment of the advantages and disadvantages offered by the suggested system.  Describe in detail the current TRL of the suggested system for the present application and describe the steps necessary to further develop the suggested system in terms of analysis, modeling, manufacturing and testing.  Describe the methodology for identifying possible TPS failure modes that are associated with the fabrication and assembly processes for the TPS concept. 

3. Production Process 
Describe the production process for the described TPS concept. 

3.1 Material Fabrication 
Describe, in as much detail as available, the fabrication processes for each TPS material component identified in section 1, above. All steps, such as chemical processing, mixing, shaping, curing, autoclaving and vacuuming, should be discussed. If possible, estimate the time needed to create the TPS material as a function of size (i.e. volume or acreage area). Describe, if possible, the most appropriate facilities and equipment required to produce the suggested material system, address the limitations of current production techniques, and discuss any changes required to fabricate TPS materials for final flight-scale backshells. Describe in detail the availability of all precursor materials, both presently and in the future, necessary to produce full-scale backshell TPS. 

3.2 System Manufacture 
Describe in as much detail as possible the manufacturing processes for the TPS system. All steps, such as chemical processing, mixing, shaping, curing, autoclaving, vacuuming and fastening, should be described. Specific processes for attaching full-scale TPS materials to the support structure should be discussed. The processes that will be used to ensure TPS objectives in the presence of any interfaces, joints, seams, gaps, close-outs or instrumentation should be described. If possible, and particularly if they are unique to the suggested material system, describe the approach for addressing backshell penetrations. Address requirements for structural contacts and attachments (compressive, tensile and shear). Identify any specific TPS diameter/size/shape for which development and/or manufacture of the suggested complete system becomes problematic. Suggest, if possible, the most appropriate facilities for assembling the complete backshell TPS. Describe limitations on current production techniques and discuss any changes that will be required to permit fabrication of full-scale flight backshells.  

4. Performance Testing, Inspection and Quality Assurance 
If available, provide any study results or data that describes the ability or inability of the TPS materials and systems to tolerate on-orbit and trans-lunar radiation, as well as orbital and trans-lunar debris environments.  Please also provide any study results or data that describes the ability of the TPS materials and systems to withstand thermal cycling. Past experience with instrumentation of the thermal material and other components may be mentioned. Include a discussion of the suggested performance testing, inspection and quality assurance of the various interface elements such as gaps, seams, joints, seals, attachments and penetrations.  If possible, describe the suggested methodology for repair and/or replacement of components that fail inspection due to material discrepancies, manufacturing defects, or damage.  Please also describe specifics regarding the approach for re-inspection, maintenance, repair (if needed), and re-waterproofing (if applicable).  Information detailing the advantages of alternative operational plans (such as inexpensive rapid replacement of single-use TPS, off-line processing of Line Replaceable Units (LRUs), shorter duration re-use) is also requested.
5. Requirements for Backshell Structure 
Describe the expectations/requirements for the dimensional accuracy, surface smoothness, bonding performance, thermal expansion and structural stiffness of the backshell support structure. This structure may be metallic, composite, or a combination of the two. Please provide an assessment of the implications of the various support structure material options for the TPS material and/or attachment approach. 

6. Risks and Risk Mitigation 
Discuss any identified risks for TPS performance or manufacture. Address issues associated with the thermal protection material(s) alone, and those associated with system integration. Consider challenges for verifying system performance and robustness in all operational environments. Characterize the risks by estimating their likelihood and consequence. Propose appropriate mitigation actions for each risk.
NASA Ames is requesting information that responds to any or all of the above topics.  

Although all comments received will be carefully reviewed and considered for inclusion in a later action, the initiators of this request make no commitment to include any particular recommendations. 
The Government will not be responsible for any cost incurred in furnishing this information.
All information received in response to this RFI that is marked Proprietary will be handled and protected accordingly.  NASA will likely provide Proprietary information to 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.  No Proprietary information will be shared with the CEV Phase I Prime Contractors or their subcontractors.  Responses to the RFI will not be returned.
Appendix A. Material Properties

The properties listed in the following table do not constitute a comprehensive set. Add other important properties as appropriate, and omit properties that are not relevant for a particular type or component of a particular TPS. 

For properties that vary as a function of material direction or environmental parameters (e.g. temperature, pressure) provide a table of the property values as a function of all governing parameters. 

Uncertainty should be listed as a percentage of the nominal value (+/-) or as an absolute variance in the nominal value (+/-). 

The basis, or source, for each value must be provided, e.g. test measurements, analytical predictions and published data. 

Supply a separate set of tables for each material. 

	Material Property 
	Nominal Value 
	Uncertainty 
	Basis/Source 

	Physical and chemical: 

	Virgin material density (g/cm3) 

	Char density (g/cm3) 

	Virgin material composition (constituents and mass fractions) 

	Heat of formation, virgin material (J/g) 

	Heat of formation, char (J/g) 

	Elemental composition, virgin material 

	Elemental composition, char 

	Thermal Gravimetric Analysis (TGA) data in inert gas 

	Porosity, virgin material (%) 

	Porosity, char (%) 

	Atom recombination coefficient for Oxygen

	Atom recombination coefficient for Nitrogen

	Thermal: 

	Specific heat, virgin material (J/g-K) 

	Specific heat, char (J/g-K) 

	Thermal conductivity, virgin material (W/m-K) 

	Thermal conductivity, char (W/m-K) 

	Coefficient of thermal expansion, virgin material (cm/cm/°C) 

	Coefficient of thermal expansion, char (cm/cm/°C) 


	Optical:

	Total hemispherical emissivity, virgin material

	Total hemispherical emissivity, char

	Spectral reflectivity, virgin material 

	Spectral reflectivity, char 

	Structural: 

	Tensile modulus (kPa) 

	Compressive modulus (kPa) 

	Shear modulus (kPa) 

	Ultimate tensile strength (kPa) 

	Ultimate compressive strength (kPa) 

	Ultimate shear strength (kPa) 

	Ablation: 

	Steady-state recession rate data (cm/s) reported with specification of heat flux (W/cm2), Enthalpy (MJ/kg) and pressure (kPa) for each test; include surface temperature (K) if recorded 


Appendix B. Material and System Heritage 
Ground test and flight heritage at conditions ranging from 10 to 100 W/cm2 or greater (include pressure and enthalpy test conditions for each cited heating rate) and total heat loads up to 100 MJ/m2.
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