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Statement of Work and Specifications for the MLSTC 

Tank-Applied MLI System

1. Introduction.

NASA is currently developing the propulsion system concepts for future exploration missions including a near term human return to the lunar surface. Studies have identified high performance, non-toxic, cryogenic methane (LCH4) and oxygen (LO2) as a propellant combination for consideration for the main and reaction control system (RCS) lunar surface ascent propulsion system. LDAC-1, a NASA study, depicted a lunar ascent vehicle concept consisting of two sets of spherical propellant tanks, each set containing an oxidizer tank and a fuel tank and located diametrically opposite on either side of the crew ascent cabin. The spherical oxidizer and fuel tank sets contained the propellant for the main ascent engine and the RCS engines required for lunar orbit maneuvering and docking with the Crew Exploration Vehicle (CEV). The concept assumed the use of pressure fed main and RCS engines operating at approximately 350 psia. Two sets of spherical propellant tanks were selected for maintaining a controlled center of gravity (CG) for the lunar ascent vehicle. 

For a lunar outpost exploration mission at the lunar South Pole, NASA has planned a surface stay duration of approximately 210 days for the crew habitat and lunar surface ascent stage. NASA system trade studies have shown that LCH4 ascent stage propellant tank fluid venting can be eliminated on the lunar surface for the 210-day mission with

1. A high-performance passive Multi-Layer Insulation (MLI) system to protect the propellant tanks from the lunar surface and solar environmental heating; and,

2. Loading the LCH4 propellant tanks with densified LCH4 at 93 K and starting with a tank ullage of approximately 15% at the KSC launch pad.

In order to verify the trade study results, a NASA inter-center team consisting of Ames Research Center (ARC), Glenn Research Center (GRC), Kennedy Space Center (KSC) and Marshall Space Flight Center (MSFC), will conduct a series of baseline passive thermal control technology tests of a flight-representative, spherical LCH4 ascent stage propellant tank in a simulated lunar thermal environment at the GRC Creek Road Cryogenic Complex, SMiRF facility. This Methane Lunar Surface Thermal Control (MLSTC) test series is sponsored by NASA’s Cryogenic Fluid Management (CFM) Project Office.

This Statement of Work (SOW) and Specification Attachments define the materials, performance, and delivery requirements of the MLI system for the Government owned GRC MLSTC test tank.

2. Reference Documentation.

2.1. NASA-GRC Test Tank and Test Facility Documentation.


This document contains:—
· Engineering drawings of the test tank, including locations and dimensions of all tank penetrations and supports.

· Estimated heat leak through the supports and penetrations.

· Drawings and dimensions of the test chamber thermal shroud, which define the maximum acceptable outer envelope of the MLI system.

· Test chamber depressurization (pump-out) profile.

· Suggested locations of the temperature sensors (thermocouples) in the MLI blanket.

2.2. NASA-KSC Calorimeter Documentation.


This document contains drawings and other relevant information on the calorimeter to be used to characterize the Contractor-supplied test article, or coupon (described in 4.3.2.). It also defines the required geometry and dimensions of the coupon.

3. Requirements.
The Contractor shall fabricate and deliver one MLI system in accordance with this Statement of Work and the referenced Specification Documents 2.1 and 2.2attached hereto and Drawings contained within Documents 2.1 and 2.2.

3.1. Physical requirements.

3.1.1. General description and definitions.


3.1.1.1. MLI system or tank-applied MLI system.



The total assembly, installed on the GRC MLSTC test tank (described in Reference Document 2.1.), consisting of: The MLI blanket; blanket coverings (e.g., reinforced Kapton); tank stand-offs (if any); rigid or semi-rigid structural panels (if any); all penetration wrapping/shielding; all embedded thermocouples; tubing (if any) for pressure measurement or venting; all instrumentation leads with appropriate electrical connectors; as well as all fasteners, tape, etc., required for structural integrity. 


3.1.1.2. MLI blanket.



The assembly, before or after final application to the test tank, consisting of all shield/spacer layers and/or sub-blankets. 


3.1.1.3. MLI sub-blanket.



A prefabricated multi-layer panel (e.g., gore section) to be attached to the tank using Velcro or other fasteners.
3.1.2. Materials specifications.


3.1.2.1. Shield material.


The shield material shall be a metallized film (e.g., double-aluminized mylar) with proven flight heritage. The room temperature total hemispherical emissivity  shall be reasonably low (preferably 0.03 or better) and consistent throughout the MLI blanket. The value of  will depend on the shield material proposed. 


3.1.2.2. Spacer material.



The inter-shield spacers (if any; use of embossed shield materials is not precluded) shall consist of one or more layers of low-thermal-conductivity material (e.g., Dacron net) with proven flight heritage.

3.1.2.3. Outer covering.



The MLI system shall include a durable, removable outer covering, of a material (e.g., reinforced Kapton) with proven flight heritage. Its optical properties shall be optimized for the thermal environment of the NASA-GRC test chamber.


3.1.2.4. Outgassing.



All materials used shall adhere to NASA low outgassing standards (refer to NASA RP-1124 and related reports) over the range of environmental temperatures defined under 3.3.1.1. Some materials, such as Mylar, may require bake-out preparation before assembly. 


3.1.2.5. General guidelines for materials selection.

· All materials, especially structural elements such as fasteners and adhesives, shall be compatible with the prescribed environmental conditions (defined in 3.3.1.). 

· Long-lead-time items should be avoided. 

· Lower-cost materials are preferred (e.g., aluminized Mylar, rather than aluminized Kapton) as long as thermal performance and structural integrity are not significantly compromised. 

· Materials with flight heritage shall be used where practical.
3.1.3. MLI blanket construction guidelines.


3.1.3.1. Dimensions (MLI system envelope limits).

The maximum (outer) limit of the MLI system is defined by the thermal shroud. With the test tank installed in the test chamber, the clearance between the outer covering of the MLI system and the thermal shroud shall be at least 2 inches. Specifically, this means that the maximum girth of the MLI system shall not exceed 55 inches.



The minimum (inner) limit of the MLI system is defined by the tank wall. 



The MLI system is not required to conform to the walls of the spherical tank. The MLI blanket may be applied to panels (constructed, for example, of thick Kapton) that are attached to the tank via rigid stand-offs. This would allow the piping fittings to be fully enclosed within the MLI system, if so desired.



However, whatever the proposed configuration, it shall be flight-like in shape, mass, and structural integrity. It shall be an accurate representation of the Contractor’s recommended approach for the corresponding flight system.


3.1.3.2. Total number of shield/spacer layers. 



The MLI blanket shall consist of no more than 80 shield/spacer layers.


3.1.3.3. MLI system mass. 

The total MLI system mass shall approximate that of the corresponding flight system; it shall be minimized, without compromising the strength and thermal performance requirements.


3.1.3.4. Provisions for tank penetrations.

Both man-way covers have piping penetrations that are representative of the flight tank. Each penetration shall be fitted with an insulating collar (e.g., a layer of Dacron, or multiple shield/spacer layers), integrated with the MLI blanket in such a way as to:—

· Minimize thermal conduction between the penetration and the blanket edge; and,

· Minimize radiation tunneling.

3.1.3.5. Provisions for tank support rods.

For testing, the tank will be suspended from the vacuum chamber lid by three rods threaded into the tank structure. The resulting degradation of the MLI system’s thermal performance shall be minimized as in 3.1.3.4.

3.1.3.6. Provisions for removable mounting brackets.

For test preparation outside the vacuum chamber, the tank may be rigidly held using two removable support brackets, located 180 degrees apart on the test tank’s equator. The MLI system shall be removable/replaceable, with minimal degradation in performance, over the two support bracket mounting flats.

3.1.3.7. Provisions for removable man-way covers.

Two circular man-way covers are located at the top and bottom of the test tank. The MLI system shall be removable/replaceable, with minimal degradation in performance, over the two man-ways.

3.1.3.8. Electrical grounding.

It is recognized that a flight system would require proper MLI grounding in order to prevent damage from electrostatic discharge. To facilitate construction and to reduce ambiguities in heat-leak data, no grounding requirement shall be imposed on the test tank MLI system. However, the Contractor shall provide:—

· An MLI system design concept option that incorporates an electrical grounding scheme compatible with NASA standards; and,

· A corresponding thermal analysis predicting the degradation in performance if that scheme were to be implemented.

3.1.4. MLI system strength.


3.1.4.1. Durability.

The outer covering shall be sufficiently durable to prevent damage to the MLI system during routine handling of the test tank.


3.1.4.2. Evacuation survivability (as per 3.3.2).

The MLI system shall be as structurally flight-like as possible. Specifically, it shall be designed and constructed to survive, with little or no degradation in performance, a rapid depressurization (simulated ascent). The test chamber depressurization profile is given in Reference Document 2.1.

3.1.5. General guidelines for MLI blanket/sub-blanket fabrication.


3.1.5.1. Cleanliness.



The Contractor’s in-house cleanliness standards for MLI fabrication, subject to NASA review, shall be adhered to. Dedicated in-house clean room facilities are not mandated for preparation of MLI gore sections or sub-blankets, and such facilities will not be available at the GRC test site.


3.1.5.2. Handling and Storage.

The Contractor’s in-house MLI handling and storage procedures, subject to NASA review, shall be adhered to. 

3.1.6. Furnished documentation.


In addition to the documentation specified under Deliverables (Sec. 6.), the Contractor shall provide NASA with the following:—

· Manufacturer-supplied material data sheets; and,

· A summary statement of the Contractor’s MLI handling and storage procedures, including cleanliness standards.
3.2. Instrumentation.

3.2.1. Temperature sensors (thermocouples).


3.2.1.1. Thermocouple specifications.

A total of 69 thermocouples shall be embedded within the MLI blanket. 

The embedded thermocouples are considered elements of the MLI system deliverable; responsibility for their procurement and installation shall reside with the Contractor.

The thermocouple type is not mandated, but it shall be compatible with the specified test temperature range. The MLI system performance degradation due to the thermocouple wiring shall be minimized.

Thermocouples shall be attached using an adhesive or tape compatible with the specified test temperature range, assuring accurate thermometry throughout the test matrix.  


3.2.1.2. Location of temperature profile measurements.

Temperature profiles through the MLI blanket (using arrays of 6 to 8 thermocouples for each profile) are to be monitored during testing at various points around the test tank.

The Contractor shall make recommendations regarding the location of each profile array. A suggested distribution is provided in Reference Document 2.1. As the precise locations will depend to some degree on the MLI system design, this specification is deferred until after the preliminary design review.

3.2.2. Pressure sensors.

The Contractor shall make recommendations regarding the feasibility of MLI interstitial pressure measurements.  

The decision to incorporate pressure sensors is deferred until after the preliminary design review. The responsibility for procurement of pressure transducers (if any) shall reside with NASA.

3.2.3. Furnished documentation.

The Contractor shall provide NASA with the following documentation:—

· Manufacturer-supplied thermocouple (or thermocouple wire) data sheets; and,

· A summary statement of the thermocouple fabrication procedure (if fabricated in-house) and the thermocouple attachment procedures.

3.3. Performance requirements.

3.3.1. Environmental conditions.


3.3.1.1. Thermal environment during testing.

The thermal environment during testing is determined by the tank wall temperature (ranging from approximately 92 to 123 K) and the surrounding thermal shroud temperature (approximately 138 to 350 K). The shroud, with an emissivity ~0.9, approximates a black-body radiator. 


3.3.1.2. Pressure environment during testing.

The nominal vacuum chamber pressure during testing will be 10-6 torr.

3.3.1.3. Ambient environment.


During installation, and when the tank is temporarily removed from the test chamber for modification or maintenance, the MLI system will be exposed to the ambient environment, with temperature and humidity unregulated.

3.3.2. General guidelines for accommodation of MLI blanket venting during test chamber evacuation.

The following guidelines reflect NASA’s current understanding of the effects of venting accommodation on MLI degradation:—

· Shield perforations can result in significant increase in MLI heat leak. If perforated shields are proposed, then their effects shall be properly accounted for in the performance analyses and predictions.

· Widely spaced large perforations are preferable to closely spaced small perforations. 

· If X-cut shields are proposed, then their effects shall be properly accounted for in the performance analyses and predictions, and supporting evidence regarding their reliability and structural integrity shall be provided.

· Sufficiently high venting rates are achievable via sub-blanket edges and blanket seams (i.e., edge pumping) without employing perforated or X-cut shields. If a design relying on edge pumping alone is proposed, then supporting evidence and analysis shall be provided to demonstrate that the structural integrity and thermal performance of the MLI system will not be compromised during evacuation.

· Anti-tufting, or anti-billowing devices, such as stitches, staples, threads, or pins, can adversely affect the thermal performance of the MLI system. If the use of such devices is proposed, then their effects shall be properly accounted for in the performance analyses and predictions.

The venting system shall be compatible with the test chamber evacuation rates stated in 3.1.3.8. and Reference Document 2.1.

3.3.3. Maximum allowable heat-leak requirement.

With the tank and thermal shroud temperatures maintained at 93 K and 250 K, respectively, the heat leak through the (evacuated) MLI system shall not exceed 1 (one) Watt. This heat leak includes all thermal performance degradations due to the presence of seams, penetrations, supports, instrumentation wiring, etc. The heat leak does not include the thermal conduction through the penetrations, supports, or wiring, themselves.
4. Product Assurance.

4.1. Responsibility for product assurance.

The Contractor shall have quality assurance (QA) procedures in place that ensures compliance with these specifications. Except where explicitly stated, the responsibility for product QA resides with the Contractor. 
4.2. Procured materials acceptance testing.

4.2.1. General guidance.

The Contractor shall comply with in-house standards and procedures for procured materials acceptance testing, subject to NASA review.  
4.2.2. Room temperature emissivity measurements.

If not already adequately covered by in-house standards and procedures, the Contractor shall frequently perform and document room temperature emissivity measurements of all metallized films (e.g., double-aluminized mylar) used in fabrication of the MLI blanket. This procedure shall be formalized following the preliminary design review (6.1.2.).
4.2.3. Furnished documentation.

In addition to the documentation specified under Deliverables (Sec. 6.), the Contractor shall provide NASA with the following:— 
· Manufacturer-supplied material data sheets;

· Acceptance inspection and testing results; and,

· A summary statement of the Contractor’s acceptance criteria and quality assurance procedures.
4.3. Materials samples supplied to NASA for inspection or testing.

4.3.1. Representative samples of fabrication materials (e.g., shield and spacer material, fasteners), if and when requested.  
4.3.2. Test article (coupon) for NASA inspection and testing.


4.3.2.1. Coupon specification.



The coupon shall be an MLI blanket, as representative as possible of the tank-applied blanket, but without penetrations and with a minimum number of seams. The required geometry and dimensions of the coupon are defined in Reference Document 2.2.


4.3.2.2. Responsibility for packaging and shipping.

The Contractor shall package and ship the test article to the NASA-KSC test site.

5. MLI System Delivery and Installation.

5.1. Responsibility for packaging and shipping.

      The Contractor shall package and ship the MLI system and components to the 
      NASA-GRC test site.
5.2. Final assembly of the MLI system.

· The Contractor shall perform the final assembly of the MLI system on the test tank at the NASA-GRC test site.

· Contractor personnel shall be present at the appointed time (as per 6.5.) to unpack all shipped materials and perform the installation. 
· NASA personnel will provide guidance and assistance.
· Common tools and materials used in assembly will be provided by NASA. 
· For routine machining, access to local facilities and services will be provided by NASA.

5.3. Training of NASA personnel.

Upon final delivery, Contractor personnel shall provide training for NASA personnel in assembly (i.e., of any removable MLI sections) and miscellaneous maintenance procedures. 
6. Deliverables and Delivery Schedule.

The Contractor shall make presentations and/or provide documentation in accordance with the following:—
6.1. Preliminary MLI System Design Review: Anticipated 4 weeks after contract award. Actual dates will be provided by NASA.  

6.1.1. At this time an informal NASA-Contractor review shall be conducted. 

The Contractor shall present:—

· MLI system design concept, including dimensions, proposed fabrication materials and components, and estimated mass. 

· Trade studies conducted, leading up to the design concept.

· Summary of thermal analysis techniques used.

· Thermal performance analysis covering estimated heat leak through the MLI system, and estimated performance degradation due to tank penetrations, supports, and seams.
· Structural performance analysis covering especially MLI system venting.

· Requirements compliance.

· Schedule status.

· Go-forward plan.

6.1.2.  Furnished documentation.
The Contractor shall provide NASA with a soft copy of all presentation materials (e.g., PowerPoint slides or Portable Document Format files).
6.2. Revised MLI System Design Review:
6 weeks after contract award.

6.2.1. At this time a second NASA-Contractor review shall be conducted. 

The Contractor shall present:— 
· Revised MLI system design, including dimensions, identified fabrication materials and components, and estimated mass.

· Further trade studies (if any).

· Summary of thermal analysis techniques not covered in the preliminary design review, and analysis refinements.

· Updated thermal performance analysis covering estimated heat leak through the MLI system, and estimated performance degradation due to tank penetrations, supports, and seams.
· Updated structural performance analysis covering MLI system venting.

· The preliminary MLI test coupon design.

· Requirements compliance.

· Schedule status.

· Go-forward plan.

6.2.2. Furnished documentation.

The Contractor shall provide NASA with a soft copy of all presentation materials (e.g., PowerPoint or Portable Document Format files).
6.3. MLI Test Article: 8 weeks after contract award.

6.3.1. Coupon.

The completed MLI test article (coupon), ready for testing, delivered to the NASA-KSC test site.

6.3.2. Coupon documentation.

This shall consist of technical drawings of the coupon, final performance predictions, and handling instructions.
6.4. Final MLI System Design Review: 10 weeks after contract award.

6.4.1. At this time a final NASA-Contractor review shall be conducted.

The Contractor shall present:—

· Final MLI system technical drawings, dimensions, calculated mass, and parts list.

· Further trade studies (if any).

· Summary of thermal analysis techniques not covered in first two reviews, and analysis refinements.

· Final thermal performance analysis covering estimated heat leak through the MLI system, and estimated performance degradation due to tank penetrations, supports, and seams.
· Final structural performance analysis covering MLI system venting.

· Alternative MLI system design concept incorporating electrical grounding, and associated thermal analysis, as described in 3.1.3.8.
· Requirements compliance.

· Schedule status.

· Go-forward plan.

6.4.2. Furnished documentation.

The Contractor shall provide NASA with a soft copy of all presentation materials (e.g., PowerPoint slides or Portable Document Format files).
6.5. MLI System Components: 14 weeks after contract award.

At this time, all materials and components, ready for final assembly on the test tank, shall have arrived at the NASA-GRC test site.
6.6. Tank-Applied MLI System: 16 weeks after contract award.

The completed MLI system, as defined in 3.1.1.1, installed on the tank, and ready for testing at the NASA-GRC test site.

6.7. MLI System Final Report: 16 weeks after contract award.

This report shall include:—
· Final MLI system technical drawings, dimensions, and total mass.

· Parts and materials list, with acceptance inspection/testing results.

· Summary of trade studies.

· Summary of thermal analysis techniques and refinements.

· Final thermal performance analysis covering estimated heat leak through the MLI system, and estimated performance degradation due to tank penetrations, supports, and seams.
· Final structural performance analysis covering MLI system venting.

· Alternative MLI system design concept incorporating electrical grounding, and associated thermal analysis, as described in 3.1.3.8.
· Requirements compliance.

· Assembly/disassembly and general maintenance procedures. 
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