
                                                               ATTACHMENT  A       
Statement of Work

                                 Advanced Lightweight Space Radiator Demonstration Unit
Background:
Improvements to spacecraft heat rejection technology are continually being sought by NASA and the space community at large.  A route to improved performance is through the use of lighter, better heat conducting materials.  Radiators used in space heat rejection systems are frequently constructed of aluminum due to its reasonable thermal conductivity, low density, low cost, and ease of manufacturing.  Examples of materials with the potential to improve radiator performance include beryllium and it alloys, carbon-carbon, pyrolytic graphite, copper-graphite, and carbon fiber PMC (polymer matrix composite).  This contract will focus on design and fabrication of a radiator utilizing carbon fiber PMC materials.
To further the development of PMC radiators, NASA recently investigated methods of bonding stainless or aluminum coupons representative of radiator flow passages to 6 x 6 inch PMC coupons as part of work performed under the Exploration Technology Development Program.  Please note, this information is presented as background and should not be construed as NASA’s desired and only design approach.  The PMC coupons utilized prepreg lay-ups of unidirectional K13D2U carbon fibers with cyanate ester resin.  The plies were oriented such that the coefficient of thermal expansion in the flow passage direction approximated that of the flow passage material.  Two configurations were evaluated.  The first configuration was fabricated to test the feasibility of encapsulating the flow passage in-between layers of prepreg and co-curing the assembly as a unit.  This concept was abandoned after cracking and delamination were observed post-cure.  The outer profile of the flow passage also needed to provide sufficiently large radius-of-curvature for the fibers to conform without breakage.  This increased the size (i.e. mass) of the flow passage.   The second concept investigated directly bonding the flow passage to one side of a cured PMC coupon with cyanate ester film adhesive.  This approach provided better results, surviving the cure thermal cycle as well as a screening test of ten post-cure thermal cycles between -240 F and +110 F.  Lap shear testing of the bond strength is planned in winter 2007. 
The goal of the contracted effort is to fabricate a PMC radiator panel representative of concepts that could be used on future Exploration vehicles.   The radiator will be part of a research test bed supporting basic thermal system characterization tests to be performed by NASA at the Johnson Space Center.  In addition to providing timely thermal performance data, the effort will provide a first look at panel integrity, particularly the panel/tube bond, under flight like thermal-induced stresses.  Manufacturing “lessons learned” are anticipated to provide valuable input and reduced risk for future radiator fabrications.
It is not the intent of this effort to produce flight hardware, thus quality assurance activities commensurate with a flight program are inappropriate and should not be proposed.  Proposers should discuss in their proposal those tests and/or analysis necessary to assure themselves that the radiator satisfies the design requirements contained in the SOW.
NASA recognizes that “ideal” materials for this effort may have lead times not compatible with on-time delivery of the panel.  For example, analysis may point to using a specific high-conductivity fiber, but the vendor may not have the fiber in sufficient quantity for many months.   In such instances, the contractor may suggest, in consultation with NASA, alternate materials which, while producing a slightly heavier product, keep the primary goals of the project intact.
I.    Design Requirements:

General panel description:
The panel will approximate one-sixth of a cylinder.   Twenty evenly-spaced, rectangular aluminum tubes will be attached to the panel circumferentially with the wider potion of the tube  in contact with the panel surface.   NASA will install two inlet and two outlet fluid manifolds to provide flow as shown in Figure 1.
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Figure 1. Panel fluid schematic.

The inner (concave) side of the panel may contain protuberances for structure such as stiffening ribs or flow passages. The outer (convex) side of the panel shall be a smooth profile.    For design purposes, assume single-sided heat transfer from the outer surface.  Although a flight radiator would utilize a thermal control coating, none is required for this effort.
Operating Temperatures:

The panel shall withstand the following temperature conditions with no degradation to the panel thermal performance or structural integrity.  The fluid inlet temperature will nominally be 1100 F during thermal vacuum testing.   To simulate a low-flow cold case, the radiator will be cooled to -2400 F.  To simulate the single event of aerodynamic heating, it will be heated to +2500 F.

Panel Properties:

Dimensions - The panel radiating surface shall be a portion of a cylinder whose radius is 100.8 ± 2.0 inches.    The circumferential length shall be 103.3 ± 0.2 inches.  The panel length in the axial direction shall be 65.0 ± 0.2 inches.  Overall thickness shall be no more than 1.5 inches.
Material - The panel shall use graphite fibers in a polymer matrix composite suitable for use as described within this SOW (statement of work).
Thermal Conductivity –  Bulk panel thermal conductivity in a direction normal to the flow tubes shall be equal to or greater than that of 0.050 inch thick aluminum sheet ( k = 833 BTU-in/hr-ft²-°F).
Tube to Panel Bond – The bonding technique shall be such that the bond material conductivity divided by the bond line thickness is at least 0.15 BTU/hr-ft^2-°F at 1100 F in a direction normal to the panel surface.
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Figure 2. Panel Dimensions
Flow passage properties:
Internal dimension- Each of the twenty flow passages shall be of rectangular aluminum tube with an aspect ratio of approximately 0.3 and a cross-sectional flow area of approximately 0.03 square inches.  To permit procurement of stock tubing, or improve manufacturability, should custom tubing be needed, variance from these dimensions will be permitted with NASA concurrence.
Material – Aluminum
Operating pressure:  Tubing shall be leak tight for operation in a vacuum and designed for a 100 psig maximum internal operating pressure.
Cleanliness - Tubing interior shall be free of manufacturing oils and residues.  Tubing exterior shall be prepared per the contractor’s standard practice for use in bonded composite structures.

Tube ends – A transition from rectangular to round tube shall begin within 1/2 inch of the panel edge.  Approximately six inches of round tubing will be provided at each and fitted with a plastic cap to maintain cleanliness.  The intent of this requirement is to provide a simple means for NASA to connect their fluid manifold with standard mechanical fittings at the NASA facility.  The cross sectional area of the round tubing shall be equal to or greater than that of the rectangular tubing and of a standard diameter to accept readily available commercial fittings.  Alternately, the contractor may propose, for NASA’s consideration, other methods to enable simple manifold integration at the NASA facility.
Miscellaneous:  The manifolds shall be supported by the panel fluid tubes.  Each of the four manifolds is estimated to weigh six pounds.  In addition to the manifold weight the design shall also accommodate inertia loads associated with careful movement of the panel at the test facility. 
Radiator Fluid:  Propylene Glycol will be provided by NASA for the test.
Conceptual Launch Loads:  As a boundary condition for radiator structural analysis and design, the contractor shall assume the radiator is conceptually supported via a rigid underlying structural frame running solely along the radiator periphery.   This is a design assumption only; A different method of support will be used for thermal vacuum testing.
Axial Load - The radiator shall be designed to withstand a constant 5g load in the direction of the cylinder axis while being supported by the conceptual frame.
Pressure Load – The radiator panel shall be designed to withstand a constant uniform 15 psi pressure load on its outer (convex) surface while supported by the conceptual frame.
NASA will design and fabricate hardware for supporting the panel in their thermal-vacuum chamber once sufficient radiator details are made available at the Radiator Design/Manufacturing Review.  The panel will be positioned in the chamber with the convex-side-up and supported along its straight edges.
II,    Deliverables     

      The contractor shall deliver the following to NASA.

1. Radiator Design/Manufacturing review: (Authority To Proceed (ATP) + 1 months) – A design review shall be held at the contractors facility.  The contractor will provide a design summary document to NASA identifying the design approach, material selection, analysis results, and design rational.  This meeting will also serve to finalize test facility interfaces.
2. Radiator Fabrication Report (ATP + 4 months) The contractor shall provide a written report       summarizing design and fabrication processes including as-built drawings, schematics,       sketches, analysis results, results of all in-house acceptance tests the contractor deems       necessary, bill of materials, and any material certifications.
3. Radiator (ATP + 4 months) The contractor shall deliver the fabricated radiator panel to NASA, including shipping container and handling fixtures to ensure safe shipping and handling of the radiator at NASA.   In addition, the contractor shall deliver six, 6 x 6 inch coupons to NASA in-house testing.  The coupons shall be representative of the panel region between the aluminum tubes, using the same materials and lay-ups.  The coupons may be flat.  Aluminum tubes are not necessary for the coupons.   
III. Reporting

In accordance with the Reports or Work clause of this Contract (See Section F), the Contractor shall develop and deliver the following items:
A.  
The Work Plan (subject to revision).
B.  Monthly Technical Progress Reports.
C. Bi-weekly Status Telecons (as requested by the Contracting Officers Technical Representative (COTR).

 IV.  Environmental/ Safety
The contractor and any subcontractor will take all reasonable safety and health measures in performing under this contract. The contractor and any subcontractor shall comply with all Federal, State, and local laws applicable to safety and health.

All work done under this contract shall be in accordance with all Federal, State, and local environmental regulations, NASA Environmental policy, and the NASA GRC Environmental Programs Manual.

For all NASA Glenn Research Center documents, call Christie Myers at 216 433-8874.
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