STATEMENT OF WORK

Fabrication of the PMC Sandwich Supported Combustors

This SOW is to fabricate a high temperature-polymer matrix composite (PMC) sandwich supported rocket combustion chamber for a NASA/GRC - Boeing Rocketdyne joint project to improve thrust-to-weight ratio of Rocketdyne's new generation rocket engines.   The combustion chamber is rectangular box in shape and the overall dimensions of the prototype demonstrator are rather small (a laboratory scale; the exact dimensions are proprietary and will be provided when the contractor settles with Boeing Rocketdyne on the confidentiality non-disclosure agreement).  The chamber will consist of a base metallic box and a surrounding support structure.  The main base metallic box is a one-piece structure with thick metal flanges at both ends that are connected with reinforcement gussets at four corners along the long axis. The metal box hardware will be provided by RKDN as a ready-to-use condition after the required surface treatment.  The light sandwich support structure will consist of a high temperature PMC facesheet (only on one side) made of a stiff carbon fiber fabric and PMR-II-50 resin and a metallic honeycomb core. The metallic honeycomb sheets will be also surface treated and provided as a ready-to-use condition.  A commercial high temperature polyimide adhesive will be used to bond the sandwiches.  The other side of the honeycomb is bonded to each faces of the base metallic box using the high temperature adhesive and reinforced with a PMC joint clip/bracket that will extend over the corner gussets.  Each faces are down about half inch deep surrounded by the flanges and corner gussets.

Overall step-by-step fabrication procedures including bonding sequence among the top PMC facesheet, the metallic honeycomb, and the base metal surfaces are provided in this SOW, but some fine details in each procedure will be determined by GRC-RKDN team at the time of fabrication based on contractor’s suggestions.
I. Materials and Processes to be provided/arranged by NASA-GRC (all paid by GRC)
i. M40JB (Toray) Carbon fiber fabric (4HS w/ 215 g/m2 FAW) and PMR-II-50 resin

· In the form of a B-staged laminate; 12"×12" [0f, 90f]1S   w/ 55~60% FVF, or/and

· Impregnated prepreg form to be shipped and stored frozen (0 ºF or below); This prepreg form might be needed especially for the bent corner clip fabrication.

ii. Ti Honeycomb

· Cell size: 0.115", Foil thickness: 0.0020", Core density: 10.0 lb./cu. ft.

· 0.5" thick sheet w/ 0.015" × 0.060" vent notch/one per cell, 

· Machined to fit into final dimensions & corner radii, and surface treated; ready-to-bond state

· Contacts at Beneco, Inc:  Eric Pulley/Jeff Johnson @ 316-682-6144

iii. A286 metal jackets

· One 12" long demo jacket without end flanges

· One 8" long real jacket with end flanges and three integral manifolds on one surface, also assembled with a cooling liner 

· Both jackets surface-treated; ready-to-bond state

· Contact for the original metal jacket hardware: Jeff Fink, Boeing Rocketdyne @ 818-586-7253; Jeffrey.E.Fink@Boeing.com

· Contacts for the surface treatment processes:  Kay Blohowiak, Boeing @ 425-237-4657; kay.y.blohowiak@boeing.com; Dan McCray, UDRI-AF @ 937-656-6009; Daniel.Mccray@wpafb.af.mil

iv. FM680-1 adhesive

· Condensation type polyimide supported on a fiberglass cloth w/ 0.10 psf; to be shipped and stored frozen (0 ºF or below)

· Contact at UDRI-AF: Dan McCray, or Rich Mayhew, Cytec @ 410-939-8186

v. High Temperature Bagging Materials including release ply, bleeder and breather cloth, Kapton film, and sealing tape.
II. SOW specifics for contract:  

Fabricate and assemble PMC-Ti Honeycomb sandwich support structures for both demo and final hot-fire test combustion boxes (Schematic drawing in Appendix A)

i. Fabrication of M40J/PMR-II-50 composite facesheet of ~0.035" thickness; three 12" ×14" or smaller panels from the provided B-staged laminates or impregnated prepreg,

· Vacuum bagging (Appendix B), compression molding in hot-press 

· Cure as specified in Appendix C (cure only, no postcure required at this stage)

· C-scan inspection of cured panel, determination of FVF and void content

· Machine into final dimensions (sectioning by water-jet or slow speed diamond saw w/ water cooling).  Note the slant of ends in all facesheets (Appendix A).

ii. Fabrication of M40J/PMR-II-50 corner joint clip; four 12" long clips for demo box and four ~6" long clips for the final hot-fire test box

· Tooling for the double-bent laminate (Appendix A, dimensions to be determined depending on offeror’s original design)

· Vacuum bagging (Appendix B), compression molding in hot-press

· Cure as specified in Appendix C (cure only, not postcure yet)

· C-scan inspection of cured panel, determination of FVF and void content

· Machine into final dimensions (sectioning by water-jet or slow speed diamond saw w/ water cooling)

iii. Assembly of the supportive structures to A286 metal jackets: both demo and final boxes 

a. Option #1: One-step uniform heating process

1. Treat bonding surfaces of PMC facesheet and corner clip (Appendix D)

2. Bond Ti honeycomb to A286 metal jacket, the cured PMC facesheets to Ti honeycomb, and the cured PMC corner clips to the PMC facesheets (all four faces) with FM680-1 adhesive by vacuum bagging all together at the same time 

3. Follow both cure and postcure cycles in Appendix E

b. Option #2: Gradient heating/temperature control between base metal jacket and adhesive on PMC facesheet

1. Bond Ti honeycomb core to A286 metal jacket  (all four faces together) with FM680-1 adhesive by vacuum bagging and autoclaving; follow both cure and postcure cycles in Appendix E

2. Develop a cooling system to control the A286 metal jacket temperature

3. Treat bonding surfaces of PMC facesheet and corner clip (Appendix D)

4. Bond the cured PMC facesheet to Ti honeycomb core that bonded to A286 metal jacket and PMC corner clips to the cured PMC facesheets

5. Follow the cure cycle in appendix E by externally heating PMC facesheet and the adjacent adhesive layer while keeping the A286 metal jacket at 190 ºF

6. Postcure the cured assembly in vacuum bag as in Appendix E, while keeping the A286 jacket at  ~370 ºF

* Note:  All monitored/recorded temperatures of the A286 jacket and the adhesive layer underneath the PMC facesheet accurately within ± 5 ºF must be made available to Rocketdyne for assurance.  Some ultra-fine bare thermocouple wires (~0.005( dia.) can be inserted to near the end flanges during assembly prior to bonding.

iv. NDE Inspection of the completed boxes

a. IR Thermal imaging to inspect PMC facesheet-Ti Honeycomb core bonding and Ti Honeycomb core-A286 metal jacket bonding; for bond-line separation or impurities

b. Ultra-sonic or Laser imaging for core damage

III. Deliverables and expected delivery schedule

i. Completed hardware of one dummy box, report of fabrication details including record of processing parameters, and NDE inspection results by August 29, 2003 or 25 working days after award.
ii. Completed hardware of the final hot-fire test box, report of fabrication details including record of processing parameters, video motion pictures (digital or analog) of the fabrication procedures, and NDE inspection results by October 3, 2003 or 25 working days after fabrication of the dummy box.
Appendix A:  

Schematic drawing of a completed combustion box with PMC support structures
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Cure Program
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by 5ºF/min)


Appendix B:  

Suggested M40JB/PMR-II-50 composite cure cycle using a hot-press
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Appendix C:

Suggested composite Vacuum Bagging Sequence
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Appendix D:

Suggested composite surface treatment before bonding

1) Dry laminates in vacuum oven at 160°F and 28 inch-Hg for 48 hours.

2) Solvent wipe to-be-bonded surface with acetone until no visible trace of contamination is present.

3) Grit-blast bond surfaces with clean 50-micron aluminum-oxide grit.  Do not blast into the bare fibers.

4) Blow surfaces clean with 50-psi clean, dry filtered air.

Or

1) Scotchbrite skin to a waterbreak-free surface and rinse with de-ionized water.  Use the bag side of the panel as the bonded surface.

2) Oven dry at 170F for 2 hrs

Appendix E: 

Suggested FM680-1 cure/bonding cycle

Cure Cycle

1) Apply full vacuum (25-28 inches Hg minimum) and leak-check bag

2) Heat to 120F and Reduce vacuum level to 20-22 in Hg once leak paths are sealed

3) Ramp at 3°F/minute to 370°F

4) Hold at 370°F & 20-22 in Hg for 4 hours

5) Cool to 180F at <10°F/min

6) Let cool to RT 

Post-cure Cycle

1) Heat to 370F at 1-5 F/min

2) Hold at 370F for 15 min

3) Ramp to 700F at 1 F/min (5.5 hours)

4) Hold at 700F for 16 hours

5) Cool to 180F in approximately 1 hr

6) Let cool to RT
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