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ATTACHMENT 1

Statement of Work for Fire Resistant Composite Matrices

1.  Objective:

The objective of the Statement of Work is to demonstrate feasibility on new technology leading to resins with high fire resistance and other properties adequate for use in carbon fiber composites as primary structures on subsonic commercial airplanes.

2.  Background:
Structural composites on large commercial airplanes have no industry or FAA requirement for fire resistance.  Before the Boeing 777, the airplane structure was primarily aluminum and a fire resistant requirement for outside the pressure shell (fuselage) was not necessary since the use of structural composites was small and restricted to secondary structures.  With the 777, structural composites were introduced into primary structure in the empennage (tail section).   Still no fire resistant requirement was deemed necessary.  Now, as Boeing considers the development of a new airplane where 20% or more of the structural weight is planned to be composites, fire resistance becomes more important.  Some level of fire resistance will eventually be required for primary and secondary composite structures on the exterior of future commercial passenger airplanes.

3.  Work to be performed by the contractor:

3.1 The contractor shall conduct appropriate research to demonstrate the feasibility of new technology leading to cured resins with high fire resistance and a combination of properties suitable for use as matrices in primary composite structures for subsonic airplanes.  These resins shall have similar processing characteristics and cured resin properties as conventional toughened 177°C curing epoxies.  The fire resistance shall result from the incorporation of phosphorus and/or some other element within the resin. Halogenated compounds or fire resistant additives such as phosphorus compounds shall not be used to obtain fire resistance.  The contractor shall develop their own unique formulations or the formulations derived from items 3.2-3.6.

3.2 The contractor shall evaluate a phosphorus containing diamine provided by NASA Langley Research Center as a curing agent for epoxies.

3.3 The contractor shall convert the phosphorus containing diamine into a tetraglycidyl derivative and evaluate this epoxy in appropriate formulations.

3.4 The contractor shall evaluate a phosphorus containing bisphenol provided by NASA Langley Research Center in epoxy formulations.

3.5 The contractor shall convert the bisphenol provided by NASA Langley Research Center into an epoxy and use it to prepare new formulations.

3.6 The contractor shall prepare new epoxy formulations from various mixtures of the diamine, epoxy derived from the diamine, bisphenol, and epoxy derived from the bisphenol with each other and/or other appropriate ingredients.

3.7 The contractor shall prepare thermally cured, neat resin moldings from the most promising new epoxy formulations in items 3.1-3.6.  Qualitative toughness and hardness shall be determined on each molding.  Dynamic mechanical analysis shall be performed on dry and wet specimens of moldings that show reasonable toughness and hardness.  The contractor shall conduct a fire test to be selected by the contractor on the most promising cured resin moldings.

4.  Government furnished property:

4.1  NASA Langley shall provide the contractor with a minimum of 100 grams of a phosphorus containing diamine.

4.2  NASA Langley shall provide the contractor with a minimum of 200 grams of a phosphorus containing bisphenol. 

5.  Deliverables to NASA Langley Research Center:  

The contractor shall deliver to NASA Langley Research Center the following:

5.1 Two of the most promising unreacted epoxy formulations (10 grams each);

5.2 Two moldings (approximately 5.1 cm x 5.1 cm x 0.32 cm) from the 2 best performing formulations in item 6;

5.3 At the end of the experimental work, the contractor shall provide a written report that details the work performed. 

6.  Period of Performance:  Six months from date of award.

7.  Technical Capabilities:

The contractor shall have the following minimum capabilities:

7.1 Adequate laboratory facilities to perform the work described;

7.2 Demonstrated experience in the development and testing of fire resistant resin matrices for structural composites;

7.3 Understanding of  Boeing Company requirements for future structural composites;

7.4 Knowledge on the composition, processing and properties of 177°C curing toughened epoxies currently used on secondary and primary composite structures on subsonic airplanes.
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