Request for Information
Multi-Layer Insulation (MLI) Fabrication, Installation, and Integration for Large Scale Cryogenic Propellant Tanks
Context of the RFI:

NASA is currently developing vehicle and propulsion concepts for future manned missions to low earth orbit (LEO) and beyond.  Architectures now being studied may require large vehicles (an earth departure stage, for example), employing liquid cryogen propellants, to loiter in LEO for up to a week. In order to minimize propellant losses, high performance passive thermal protection is crucial.

The baseline thermal protection technology for cryogenic propellant tanks is multi-layer insulation (MLI). However, the large scale of the vehicles envisioned, with tank surface areas well in excess 100 m2, would seem to preclude the employment of traditional MLI application techniques such as roll-wrapping or manual lay-up of large (dimensions on the order of the length or circumference of the tank) overlapping gore sections. One design concept under consideration would consist of a "mosaic" of relatively small MLI panels, each independently affixed to a tank or tank support structure.
A NASA inter-Center team consisting of representatives from Ames Research Center (ARC), Glenn Research Center (GRC), Kennedy Space Center (KSC) and Marshall Space Flight Center (MSFC), has been tasked to assess the feasibility of this and other design concepts. 
Objectives of the RFI:

NASA wishes to solicit information from knowledgeable MLI industry sources regarding state-of-the-art approaches to any or all of the following areas.

1. Overall MLI system concepts for large-scale cryogenic propellant tanks. The baseline thermal protection system under consideration consists of a large number of abutting MLI panels, each independently fastened to a tank wall, spray-on foam insulation (SOFI), or support structure. The total number of shield / spacer layers in the system is estimated to be between 25 and 35. Each panel is prefabricated and installed on the tanks and support structures manually. It is thought that all venting during ascent could be provided through the panel edges.

Informed opinions are sought regarding the feasibility of this approach, and its advantages and disadvantages. Feasible alternatives to the baseline concept would also be seriously considered. Real world experience with large-scale insulation systems, including fabrication and assembly details and performance data, would be especially valued.

Responses should be applicable to a liquid hydrogen (LH2) / liquid oxygen (LO2) system with the following characteristic dimensions and requirements. 

· The LH2 tank consists of a cylindrical midsection with elliptical end caps. Its diameter is 10 m, its total height is 12 m, and its total surface area is 400 m2. It is covered with a one-inch layer of SOFI.

· The LO2 tank is essentially elliptical with diameter 8 m, height 6 m, and total surface area ~165 m2, with no SOFI.

· The structural support system consists of forward, inter-tank, and aft composite skirts or strut assemblies. A successful MLI system design must accommodate the supports with minimal negative impact on overall thermal performance.

2. MLI panel edge close-off techniques and inter-panel seam design concepts. Seams, formed by interleaving, overlapping, or abutting adjacent panels, must be formed in such a way as to minimize their degrading effects on overall MLI performance. If the panel edges are closed off or stitched, this must be done in such a way as to minimize thermal shorting and MLI compression. Unless venting is otherwise provided for (e.g., via perforations), the seams must also allow efficient venting during ascent. Due to potential defects in the SOFI under-layers, the panels must be capable of venting small pockets of vaporizing liquid with minimal damage.

3. MLI panel attachment options. The MLI panels must be attached to bare aluminum-lithium alloy (tank wall), fiberglass composite (support structure), or SOFI. The adhesives used must be compatible with these surfaces and appropriate for cryogenic temperatures. They must be structurally robust so as to survive launch and ascent (enclosed within a fairing). Alternative methods, wherein the MLI is not locally attached to the substrate, would also be of interest.

4. Quality assurance and tolerance control procedures during MLI fabrication and assembly. Prefabrication of MLI panels can be and often is computer assisted. Potentially, it could be fully automated. However, the final on-tank installation of the panels, as well as installation of tank penetration closeouts, etc., is a manual process performed by trained technicians. Human error, a factor not easily quantifiable, therefore decreases the performance predictability of any given MLI system design. This problem is mitigated through strict adherence to precisely defined training, quality assurance, handling, fabrication, and assembly procedures.

NASA seeks information pertaining to the state of the art in MLI automation, and hopes to compile a reliable set of procedures, as complete as possible, covering all aspects of MLI production.

The ultimate goal is to minimize, or accurately quantify, the role of human error in MLI performance prediction uncertainty.

5. MLI alternatives. While MLI has a long and generally successful flight history behind it, NASA is open to alternative thermal insulation concepts using novel materials and techniques.

6. Micrometeoroid protection. NASA is interested in the capability (and limitations) of MLI to serve as micro-meteoroid orbital debris (MMOD) protection, or as a component in an integrated MLI/MMOD system.

7. Nondestructive evaluation (NDE) techniques for MLI assemblies. Because of the large number of MLI panels and sub-assemblies required for the construction of a large-scale MLI system, NASA is interested in the development of reliable NDE instrumentation and techniques capable of detecting thermal shorts, excessive compressions, or thermal radiation leakage, in a given MLI component, before or after installation. Currently an in-house effort is under way to determine the potential and limitations of infrared imaging for MLI NDE. Any information pertaining to this or other NDE technologies would be greatly appreciated.

8. Thermal insulation testing. NASA may procure (i) a large-scale thermal insulation design concept and study report, and (ii) a number (5 to 10) of insulation samples (e.g., MLI panels), representative of the proposed design concept, for thermal performance evaluation at a NASA center.

i. Large-scale thermal insulation design concept. This will constitute a specific elaboration of the baseline MLI system referred to in the first item above, or a feasible alternative. This will require the provision of a large-scale insulation system design concept, along with basic thermal and structural analyses. The design concept is to be referenced to a standard model, which will include the materials properties and geometries of the LH2 and LO2 tanks, SOFI, support structures, tank penetrations, and fairings, along with representative thermal environments. This standard model would be provided. 
The design concept must provide for proper integration of the insulation with the tank penetrations, support structures, etc. 

ii. Thermal insulation test samples. NASA may procure also the design, fabrication, and delivery of a number (between 5 and 10) of thermal insulation test samples of size and geometry (6 ft. ( 8 ft. rectangular panels) appropriate for thermal performance measurements using a NASA in-house calorimeter.  Details of the calorimeter would be provided.  All test samples would representative of the insulation system concept proposed in (i) above. The focus of the measurements is expected to be the investigation of thermal performance degradation due to the presence of seams (i.e., interfaces between adjacent insulation panels) and attachment hardware.

Alternative recommendations are welcomed. Rough order of magnitude cost estimates and schedules for both the study and the test samples are sought, assuming that 6 test samples are procured. 

Further Guidelines:

All responses should be submitted electronically in Portable Document Format (PDF), with a practical size limit of 6 MB, to the email addresses below. The due date for responses is March 17, 2010. 

Points of Contact (POC):

Contracting Specialist: Erica Sykes, Glenn Research Center, 216-433-5873, Erica.D.Sykes@nasa.gov. 
Technical Representative: Jeffrey R. Feller, Ames Research Center, 650-604-6577,

Jeffrey.R.Feller@nasa.gov.
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